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Abstract: The massive dissemination of smart devices in current markets provides innovative
technologies that can be used in energy management systems. Particularly, smart plugs enable
efficient remote monitoring and control capabilities of electrical resources at a low cost. However,
smart plugs, besides their enabling capabilities, are not able to acquire and communicate information
regarding the resource’s context. This paper proposes the EnAPlug, a new environmental awareness
smart plug with knowledge capabilities concerning the context of where and how users utilize a
controllable resource. This paper will focus on the abilities to learn and to share knowledge between
different EnAPlugs. The EnAPlug is tested in two different case studies where user habits and
consumption profiles are learned. A case study for distributed resource optimization is also shown,
where a central heater is optimized according to the shared knowledge of five EnAPlugs.
Keywords: consumption forecast; distributed optimization; shared knowledge; smart plugs;
user interaction forecasts
1. Introduction
Today’s market is filled with smart devices for our homes, selling the promise of smart control
and monitoring. However, what does this really mean? To implement a smart home, typically multiple
devices are required with a central system (using a centralized software with, or without, hardware).
By using single or independent devices the only thing we achieve is a remote control and monitoring.
Despite this preliminary limitation, this market is growing fast and it is expected that by 2022 there
will be a total of 216.9 million homes worldwide with at least one smart device [1].
One of the key smart devices available is the smart plug. The oldest news, tracked by the authors,
that presents the concept of the smart plug, is from 2008 where Woods presented an ‘intelligent’ plug
for energy savings and energy efficiency [2]. Smart plugs enable the retrofitting of electrical resources
and provide us with basic functionalities, such as scheduling or the creation of rules and scenes.
However, to achieve a complete futuristic smart home solution, similar to the one seen in Smart House
(1999) movie, is almost mandatory to have a virtual assistant with voice control support—meaning,
one more system is required. A big challenge for users is also the aggregation of multiple systems and
platforms from various brands, a job that can easily be overwhelming to the ordinary user.
Besides the smart plugs available on the market, some scientific publications propose new
approaches and/or solutions. In [3,4], the authors propose smart plugs using Zigbee as a communication
protocol. A Bluetooth approach is proposed in [5]. In [6], a low-cost smart plug using IEEE 802.11 for
wireless communication is proposed. A more evolved smart plug is proposed in [7], with the goal of
detecting and act during on- and off-peak periods.
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Smart plugs can be used in energy management systems as enablers, providing monitoring and
control capabilities. Smart plugs without monitoring are usually not suitable for energy management
because of the lack of information provided by the smart plug. The works presented in [8–10] are
examples where smart plugs were used as actuators in energy management systems.
In [11], a Message Queuing Telemetry Transport (MQTT) smart plug is integrated into an energy
management system for remote actuation. In [12], is proposed a smart plug dedicated for integration
with energy management systems. A centralized energy management system is also proposed in [13].
In [14], smart plugs are used for resource classification, using their consumption profile.
The problem with smart plugs is that they are not very smart and all of them have a limitation
regarding resource and user information. An energy management system is highly dependent on the
data and information available about the building’s context. To be able to perform quality energy
optimizations, the system must somehow understand the building’s context, otherwise, it could result
in low-quality optimizations, putting in risk users’ comfort or even the building’s security. Under these
circumstances, this paper motivation aims to solve the lack of information regarding smart plugs
context, so that they can be efficiently used in energy management systems, and to show the promising
results of having a context awareness smart plug.
This paper proposes an evolution of Environmental Awareness Smart Plug (EnAPlug) that is
focused on the context. The previous version of EnAPlug was made using a microcontroller and
worked as a passive system [15,16]. The proposed evolution is not only able to understand the
controllable resource’s context but also to learn from the resource consumption history and from the
interaction between users and resources. The proposed EnAPlug has an agent-based architecture using
a cooperative approach, where the knowledge learned can be shared between its peers to provide a
decentralized resource optimization. The proposed methodology of shared knowledge is presented
and is the main innovation of this paper.
Moreover, the paper presents the EnAPlug architecture and knowledge capabilities. Two physical
installations of EnAPlugs are used as case studies: one in a refrigerator; and a second in a desk lamp.
In addition, multiple artificial neural network configurations were tested and evaluated to provide
knowledge to each EnAPlug. Finally, a distributed optimization scenario is presented using the shared
knowledge EnAPlug capability.
After this first introductory section, a market survey is presented in Section 2. In Section 3,
the proposed EnAPlug architecture is detailed, focusing on the shared knowledge and distributed
optimization capabilities. Section 4 shows the learning results using two controllable resources.
After that, Section 5 presents the outcome of the distributed optimization using the learning results.
Finally, the discussion and main conclusions are presented in Section 6.
2. Market Available Smart Plugs
Smart plugs are easily found in current markets and their dissemination in people homes is a
reality [1]. The first news regarding smart plugs appeared in 2008, discussing devices that can be
remotely controlled and operated [2]. Since then, smart plugs have seen trivial evolution, and the base
operational concept remains the same.
2.1. Smart Plugs Survey
The smart plugs market survey was conducted focusing only smart plugs with energy monitoring.
The reason behind this choice is because smart plugs without energy monitoring capabilities cannot
be used as unique elements in energy management systems, demanding external energy monitoring
systems. The information presented in Table 1 was collected using official websites, datasheets,
and manuals. If a certain functionality was not specified in any of those sources of information,
it was assumed that the smart plug did not have such functionality. The price column was completed
considering prices of official website and Amazon websites. The estimated price of EnAPlug only
considers the prototype stage where is used a Mean Well DR-15-5 5 V power supply and a Circuitor
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CVM-1D energy analyzer, that represent more than 60% of the price. For a commercial version,
these two components should be replaced or eliminated.
Table 1. Overview of Market Smart Plugs and EnAPlug.
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ANKUO  NEO P  
SW3101M  802. 1b/g/n   32.  
⨯ ⨯ ⨯ ⨯ ⨯ ✓ ⨯ ✓ ⨯ ✓ ⨯ 
BroadLink Smart plug SP3 IEEE 802.11b/g/n 3600 24.90 ⨯ ✓ ⨯ ⨯ ⨯ ✓ ⨯ ✓ ✓ ✓ ⨯ 
D-Link DSP-W215  IEEE 802.11n 1800 36.12 ⨯ ✓ ⨯ ✓ ⨯ ✓ ✓ ✓ ✓ ✓ ⨯ 
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Fibaro Wall Plug Z-Wave 2500 58.78 ✓ ⨯ ⨯ ⨯ ⨯ ✓ ⨯ ✓ ✓ ✓ ⨯ 
Fibaro Wall Plug (BLE) BLE 2500 75.13 ✓ ⨯ ✓ ⨯ ⨯ ✓ ⨯ ✓ ✓ ✓ ⨯ 
iDevices SWITCH IEEE 802.11b/g/n and BLE 1800 23.74
 ⨯ ✓ ✓ ✓ ⨯ ⨯ ⨯ ✓ ⨯ ⨯ ⨯ 
iSocket Environment Pro GSM 4000 143.20 ⨯ ⨯ ⨯ ⨯ ⨯ ⨯ ⨯ ✓ ⨯ ⨯ ✓ 
Koogeek P1 Plug IEEE 802.11b/g/n 1800 22.07 ⨯ ✓ ✓ ✓ ⨯ ⨯ ⨯ ✓ ⨯ ✓ ⨯ 
ORVIBO Smart WiFi 
Meter Plug 31 
IEEE 802.11b/g/n 1800 21.20 ⨯ ✓ ⨯ ⨯ ⨯ ⨯ ⨯ ✓ ✓ ✓ ⨯ 
Revogi Smart Meter Plug BLE 4000 20.31 ⨯ ⨯ ⨯ ⨯ ⨯ ⨯ ⨯ ✓ ✓ ⨯ ⨯ 
Sonoff S31 Smart Socket IEEE 802.11b/g/n 3520 14.54 ⨯ ✓ ⨯ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ⨯ 
TP-Link HS110 IEEE 802.11b/g/n 1800 32.90 ⨯ ✓ ⨯ ✓ ✓ ✓ ✓ ✓ ⨯ ✓ ⨯ 
TP-Link RE370K IEEE 
802.11ac/n/g/b 
3840 62.48 ⨯ ✓ ⨯ ✓ ⨯ ⨯ ⨯ ✓ ⨯ ✓ ⨯ 
Wemo Insight Smart Plug IEEE 802.11/n  1800 30.91 ⨯ ✓ ⨯ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ⨯ 
Xiaomi Mi Smart Socket 
Plug 
IEEE 802.11b/g/n 2200 18.37 ⨯ ⨯ ⨯ ✓ ⨯ ✓ ⨯ ✓ ⨯ ⨯ ⨯ 
×
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It is wort  noting hat Tabl  1 excludes not on y smar  pl gs w th ut mon tori g f nctions but 
also smar  plugs with mon toring whose functionalities and capabili ies are not w ll described (i.e. 
when a s gnifica t lack o  i formation was identified, the sm rt plug was not includ d in Table 1). 
2.2. Problems and Lim t tions 
The co ventional smart plugs pres nted in Table 1 are not ruly smart in any aspect. For instance, 
the mart plugs are nablers for ret ofitting le t ical resources but d  not possess any smartness in 
their core. The authors could ot find  st ard def niti n of smart plugs, but the survey ndicates 
the follow n def nition: a smart p ug is an ele tronic device for ele trical outlet  inst llation h t can 
control an ele t ic resource and is able to communicate, als , it may, or may not, have the ability of 
energy mon toring. 
The appl c ti n of smart lugs n bles th  oncept f smart homes. However, a smart plug is 
only  enabler while th  smart ess and intellig nc are in the smart ho e manag ent system. If 
s art plugs we e ruly sm rt a d i tellige t, new business m dels, opp rtunities and features could 
appear on he market and in the open source community. 



















































































ANKUO  NEO PRO 
SW3101M IEEE 802.11b/g/n 3680 * 32.15 
⨯   ✓ ⨯  ⨯  ⨯ 
BroadLink Smart plug SP3 IEEE 802.11b/g/n 3600 24.90 ⨯ ✓  ⨯ ⨯ ✓ ⨯   ✓ ⨯ 
D-Link DSP-W215  IEEE 80 .11n 1800 36.12 ⨯ ✓ ⨯ ✓ ⨯ ✓ ✓   ✓ ⨯ 
ED MAX SP-2101W V2 IEEE 80 .11b/g/n 3680 * 56.82 ⨯ ✓  ⨯ ⨯ ✓ ⨯ ✓   ⨯ 
lgato-Eve Energy  BLE 2500 * 49.99 ✓ ⨯ ✓ ⨯   ⨯   ✓ ⨯ 
Fibaro Wa l Plug Z-Wave 2500 58.78 ✓ ⨯  ⨯ ⨯ ✓ ⨯   ✓ ⨯ 
Fibaro a l Plug ( ) BLE 2500 75.13   ⨯ ✓   ✓  
iD vices SWITCH IEEE 802.11b/g/n and BLE 1800 23.74
 ⨯  ✓   ✓    
iS cket Environment Pro GSM 000 143.20 ⨯ ⨯ ⨯ ⨯  ⨯ ⨯ ✓  ⨯ ✓ 
Koogeek 1 Plug IEEE 8 2.11b/g/n 1800 22.07 ⨯  ✓    ⨯  ⨯ 
ORVIBO Smart WiFi 
Meter Plug 31 
IEEE 802.11b/g/n 800 21.20 ⨯ ✓         
Revogi Smart Meter Plug BLE 4000 20.31 ⨯ ⨯ ⨯ ⨯   ⨯  ✓  ⨯ 
onoff 31 Smart Socket IEEE 802.11b/g/n 3520 14.54 ⨯ ✓ ⨯ ✓ ✓ ✓ ✓   ✓ ⨯ 
TP-Link HS1 0 IEEE 802.11b/g/n 1800 32.90 ⨯ ✓ ⨯ ✓   ✓ ✓ ⨯ ✓ ⨯ 
TP-Link RE370K IEEE 
802.11ac/n/g/b 
3840 62.48 ⨯ ✓ ⨯ ✓  ⨯ ⨯  ⨯  ⨯ 
Wemo Insight Smart Plug IEEE 802.11/n  1800 30.91 ✓ ✓  ✓    ✓  
Xiaom Mi Smart Socket 
Plug 
IEEE 802.11b/g/n 2200 18.37 ⨯ ⨯ ✓ ⨯ ✓ ⨯ ✓   ⨯ 
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and a Circuitor CVM-1D ergy analyz r, hat presen more than 60% f the pric . For a commercial 
version, thes  two components should b  replac  or eliminated. 
It is worth noting hat Tabl  1 xcludes not only smart plugs without mon toring functions but 
al o smart plugs with mon toring whos  fu ction lit es and capabilit es are not well described (i.e. 
whe  a s gnifi ant l ck o  inf r on was ide tified, the smar plug was ot included in Table 1). 
2.2. Proble s and Limitation
The co ventional smart plugs pres nted in T ble 1 a e not t uly mart in any aspect. For instance, 
the sma t plugs a  nable s for re ofitting ele trical r o rces but d  ot posse s any smartness in 
their c e. The authors c uld ot fin   stan ard def niti n of smart pl gs, but the survey ndicates 
the follow g def ni i : a smart plug is an el ctronic devic for le trical outlet  inst llation h t can 
o trol an el t ic r source nd is able to communic te, also, it may, or may not, have the ability of 
energy mon toring. 
The appl cati n of smart plugs e ables the oncept of s art home . However, a smart plug is 
only a  enabl r wh le th smartness and intellig nc  re in the smart ho e manag ment system. If 
smart plugs we e truly sm rt and int lige t, new bu iness model , opportu ities and feat res could 
app ar o  th  market and in the pen s urce community. 



















































































ANKU O NEO PRO 
SW3101M IEEE 802.11b/g/n 3680 * 32.15
       
BroadLink Smart plug SP3 IEEE 802.11b/g/n 3600 24.90 ⨯ ✓   ✓ ⨯   ✓ ⨯ 
-Link DSP-W215  IEEE 802.11n 1800 36.12 ⨯ ✓ ✓ ⨯     ✓ ⨯ 
DIMAX SP-2101W V2 IEEE 802.11b/g/n 3680 * 56.82 ⨯ ✓   ⨯  ⨯ ✓   ⨯ 
lgato-Eve Energy  BLE 2500 * 49.99  ⨯ ✓    ⨯   ✓ ⨯ 
Fibaro a l Plug Z-Wave 2500 58.78 ✓   ✓ ⨯   ✓ ⨯ 
Fibaro Wa l Plug (BLE) BLE 2500 75.13  ⨯      ✓  
iD vices SWITCH IEEE 802.11b/g/n and BLE 1800 23.74
   ✓      ⨯ 
iSocket Environment Pro GSM 4000 143.20      ✓  ⨯ ✓ 
Koogeek  Plug IEEE 802.11b/g/n 1800 22.07   ✓      
RVIBO Smart WiFi 
Meter Plug 31 
IEEE 802.11b/g/n 1800 21.20 ✓       ✓  
R vogi Sma t Meter Plug BLE 400  20.31      ⨯  ✓  ⨯ 
Sonoff S3  Smart Socket IEEE 802.11b/g/n 3520 14.54 ✓ ⨯       ✓ ⨯ 
TP-Link HS110 IEEE 802.11b/g/n 1800 32.90         
TP-Link RE370K IEEE 
802.11ac/n/g/b 
3840 62.48     ⨯    
Wemo Insight Smart Plug IEEE 802.11/n  180  30.91 ✓       ✓  
Xiaom Mi Smart Socket 
Plug 
IEEE 802.11b/g/n 2200 18.37   ⨯ ✓ ⨯  ⨯ ✓   ⨯ 
×
D-Link DSP-W215 IEEE 802.11n 1800 36.12 ×
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and a Circuitor CVM-1D energy analyzer, that represent ore than 60% of the price. For a commercial 
version, these two components should be replaced or eliminated. 
It is worth noting that Table 1 excludes not only smart plugs without monitoring functions but 
also smart plugs with monitoring whose functionalities and capabilities are not well described (i.e. 
when a significant lack of information was identified, the smart plug was not included in Table 1). 
2.2. Problems and Limitations 
The conventional smart plugs presented in Table 1 are not truly smart in any aspect. For instance, 
the smart plugs are enablers for retrofitting electrical resources but do not possess any smartness in 
their core. The authors could not find a standard definition of smart plugs, but the survey indicates 
the following definition: a smart plug is an electronic device for electrical outlets installation that can 
control an electric resource and is able to communicate, also, it may, or may not, have the ability of 
energy monitoring. 
The application of smart plugs enables th  concept of smart homes. However, a smart plug is 
only an enabler while the smartness and intelligence are in the smart ho e management system. If 
smart plugs were truly smart and intelligent, new bus ness models, opport nities and features could 
appear on the market and in the open source community. 



















































































ANKUOO NEO PRO 
SW3101M IEEE 802.11b/g/n 3680 * 32.15 
⨯ ⨯ ⨯ ⨯ ⨯ ✓ ⨯ ✓ ⨯ ✓ ⨯ 
BroadLink Smart plug SP3 I  802.1 b/g/n 3600 24.90    ⨯   ⨯     
D-Link DSP-W215  I  802.11n 1800 36.12    ✓   ✓  ✓ ✓  
DIMAX SP-2101W V2 IEE  802.11b/g/n 3680 * 56.82 ⨯ ✓ ⨯   ✓   ⨯ ⨯  
Elgato-Eve Energy  BLE 2500 * 49.99   ✓   ⨯      
ibaro all l g Z-Wave 2500 58.78   ⨯         
Fibaro Wall Plug (BLE) BLE 2500 75.13 ✓ ⨯ ✓ ⨯ ⨯ ✓ ⨯ ✓ ✓ ✓ ⨯ 
iDevices SWITCH IEEE 802.11b/g/n and BL  1800 23.74
 ⨯ ✓ ✓ ✓ ⨯ ⨯ ⨯ ✓ ⨯ ⨯ ⨯ 
iSocket Environment Pro GSM 4000 143.20  ⨯ ⨯ ⨯      ⨯ ✓ 
Koogeek P1 Plug IEEE 802.11b/g/n 1800 22.07 ⨯ ✓ ✓ ✓ ⨯ ⨯ ⨯ ✓ ⨯ ✓ ⨯ 
ORVIBO Smart WiFi 
Meter Plug 31 
IEEE 802.11b/g/n 1800 21.20 ⨯ ✓ ⨯ ⨯ ⨯ ⨯ ⨯ ✓ ✓ ✓ ⨯ 
Revogi Smart Meter Plug BLE 4000 20.31  ⨯  ⨯ ⨯ ⨯ ⨯   ⨯  
Sonoff S31 Smart Socket I  802.11 / /  3520 14.54         ✓   
TP-Link HS110 802.11b/g/n 1800 32.90 ⨯ ✓ ⨯ ✓ ✓ ✓ ✓ ✓ ⨯ ✓ ⨯ 
TP-Link RE370K IEEE 
802.11ac/n/g/b 
3840 62.48 ⨯ ✓ ⨯ ✓ ⨯ ⨯ ⨯ ✓ ⨯ ✓ ⨯ 
Wemo Ins ght Smart Plug IEEE 802.11/n  1800 30.91 ⨯ ✓ ⨯ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ⨯ 
Xiaomi Mi Smart Socket 
Plug 
IEEE 802.11b/g/n 2200 18.37 ⨯ ⨯ ⨯ ✓ ⨯ ✓ ⨯ ✓ ⨯ ⨯ ⨯ 
×
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and a Circuitor CVM-1D energy analyzer, that represen  more than 60% of the price. For a commercial 
version, these two components should be replaced or eliminated. 
It is worth noting that Table 1 xcludes not only smart plugs without monitoring functions but 
also smart plugs ith monitoring whose function lities and capabilities are not well described (i.e. 
whe  a signifi ant lack of inf rmation was identified, the smart plug was not included in Table 1). 
2.2. Problems and Limitations 
The conventional smart plugs presented in Table 1 a e not truly smart in any aspect. For instance, 
the smart plugs ar  enablers for retrofitting electrical r o rces but d  not posse s any smartness in 
their core. The authors c uld not find a standard definition of smart plugs, but the survey indicates 
the follow g definition: a smart plug is an electronic devic  for electrical outlets installation that can 
co trol an el ctric r source nd is able to communicate, also, it may, or may not, have the ability of 
energy monitoring. 
The application of smart plugs enables the conc pt of smart homes. However, a smart plug is 
only an enabl r while the smartness and intellig nce are in the smart ho e anagement system. If 
smart plugs were truly smart and intelligent, new business odels, opportu ities and feat res could 
appear on th  market and in the pen s urce community. 



















































































ANKU O NEO PRO 
SW3101M IEEE 802.11b/g/n 3680 * 32.15
   ⨯      ✓ ⨯ 
BroadLink Smart plug SP3 IEEE 802.1 b/g/n 3600 24.90    ⨯        
-Link DSP-W215  IEEE 802.11n 1800 36.12         ✓   
DIMAX SP-2101W V2 I EE 802.11b/g/n 3680 * 56.82  ✓        ⨯ ⨯ 
lgato-Eve Energy  BLE 2500 * 49.99         ✓  ⨯ 
Fibaro Wall Plug Z-Wave 2500 58.78       ⨯  ✓ ✓ ⨯ 
Fibaro Wall Plug (BLE) BLE 2500 75.13   ✓ ⨯   ⨯  ✓ ✓ ⨯ 
iDevices SWITCH IEEE 802.11b/g/n and BLE 1800 23.74
 ⨯  ✓ ✓  ⨯  ✓  ⨯ ⨯ 
iSocket Environment Pro GSM 4000 143.20      ⨯    ⨯ ✓ 
Koogeek P1 Plug IEEE 802.11b/g/n 1800 22.07 ⨯  ✓ ✓  ⨯    ✓ ⨯ 
RVIBO Smart WiFi 
Meter Plug 31 
IEEE 802.11b/g/n 1800 21.20  ✓    ⨯ ⨯  ✓ ✓ ⨯ 
Revogi ma t Meter Plug BLE 400  2 .31      ⨯ ⨯   ⨯  
Sonoff S31 Smart ocket IEEE 802.11b/g/n 3520 14.54   ⨯       ✓ ⨯ 
TP-Link HS110 IEEE 802.11b/g/n 1800 32.90   ⨯    ✓   ✓ ⨯ 
TP-Link RE370K IEEE 
802. 1ac/n/g/b
3840 62.48    ✓  ⨯    ✓ ⨯ 
Wemo Insight Smart Plug IEEE 802.11/n  180  30.91   ⨯      ✓ ✓ ⨯ 
Xiaomi Mi Smart Socket 
Plug 
IEEE 802.11b/g/n 2200 18.37  ⨯      ✓  ⨯ ⨯ 
×
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and a Circuitor CVM-1D nergy analyz r, that represen  ore than 60% f the pric . For a commercial 
version, these two compon nts should b  replac  or eliminated. 
It is worth noting that Table 1 xcludes not only smart plugs without monitoring functions but 
al o smart plugs with monitoring whos  fu ction lit es and capabilities are not well described (i.e. 
whe   signifi ant l ck of inf rma on was identified, the smar plug was ot included in Table 1). 
2.2. Problems and Limitations 
The conventional smart plugs presented in Table 1 a e not truly mart in any aspect. For instance, 
the smart plugs a  nablers for re ofitting electrical r o rces but d  ot posse s any smartness in 
their c e. The authors c uld ot fin  a standard definition of smart pl gs, but the survey indicates 
the follow g definition: a smart plug is an el ctronic devic  for lectric l outlets inst llation that can 
o trol an el ctric r source nd is able to communic te, also, it may, or may not, have the ability of 
energy monito ing. 
The application of smart plugs e bles th  concept of smart homes. However, a smart plug is 
only an enabl r while the smartness and intellig nce are in the smart ho e management system. If 
s art plugs were truly s art and int lligent, new business odels, opport ities and feat res could 
appear on th  market and in the pen s urce community. 



















































































ANKU O NEO PRO 
SW3101M  802. 1b/g/n 368  * 32. 5
⨯  ⨯ ⨯ ⨯ ✓ ⨯   ✓ ⨯ 
BroadLink mart plug SP3  . / /  0  24.90            
-Link DSP-W215  I  802.11n 18  36.12          
DIMAX S -2101W V2 IEEE 802.11b/g/n 368  * 6.82 ⨯ ✓       ⨯  
lg t -Eve Energy    * 49.99           
ibaro all l g Z-Wave 2500 58.78   ⨯   ✓ ⨯   ✓ ⨯ 
Fibaro Wall Plug (BLE) BLE 2500 75.13   ✓ ⨯  ✓ ⨯  ✓ ✓ ⨯ 
iDevices SWITCH IEEE 802.11b/g/n and BLE 1800 23.74
 ⨯  ✓ ✓ ⨯ ⨯ ⨯ ✓  ⨯ ⨯ 
iSocket Environment Pro GSM 4000 143.20 ⨯ ⨯ ⨯  ⨯ ⨯ ⨯ ✓ ⨯ ⨯ ✓ 
Koogeek P1 Plug IEEE 802.11b/g/n 1800 22.07 ⨯  ✓ ✓ ⨯ ⨯ ⨯   ✓ ⨯ 
RVIBO Smart WiFi 
eter Plug 31 
IEEE 802.11b/g/n 1800 21.20 ⨯ ✓ ⨯   ⨯ ⨯  ✓ ✓ ⨯ 
R vogi ma t Meter Plug BLE 40  2 .31  ⨯  ⨯ ⨯   ⨯  
Sonoff S31 Smart ocket I  802.11 / /  3520 14.54  ✓ ⨯ ✓  ✓    ✓ ⨯ 
TP-Link HS110 802.11b/g/n 1800 32.90  ✓ ⨯ ✓  ✓ ✓   ✓ ⨯ 
TP-Link RE370K IEEE 
802.1 ac/n/g/b 
3840 62.48 ⨯  ⨯ ✓ ⨯ ⨯ ⨯   ✓ ⨯ 
Wemo Ins ght S art Plug IEEE 802.11/n  180  30.91  ✓ ⨯ ✓ ✓ ✓   ✓ ✓ ⨯ 
Xiaomi Mi Smart Socket 
Plug 
IEEE 802.11b/g/n 2200 18.37 ⨯ ⨯ ⨯ ✓ ⨯  ⨯ ✓  ⨯ ⨯ 
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and a Circuitor CVM-1D energy analyzer, hat present more than 60% of the p ice. Fo  a commercial 
version, these tw  components sh uld be eplaced or eliminated. 
It is wort  noting hat Tabl  1 excludes not on y smar  pl gs with ut mon tori g f nctions but 
also s ar  plugs ith on toring hose functionalities and capabili i  are not w ll described (i.e. 
when a s gnifica t lack o formation was identified, the sm rt plug was not includ d in Table 1). 
2.2. Problems and Limitations 
The co ventional smart plugs pres nted in Table 1 are not ruly smart in any aspect. For instance, 
the smart plugs are enablers for retrofitting le t ical resources but d  not pos ess any smartness in 
thei  core. The authors could not find  sta ard def niti n of smart plugs, but the survey ndicates 
the f llow ng def nition: a s a t p ug is an electronic device for ele trical outle  inst llation h t can 
ontrol an ele t ic resour e and is abl  to communicate, als , it m y, or m y not, have the ability of 
energy on toring. 
The appl cati n of smart plugs nables the oncept f s art ho es. However, a s art plug is 
only a  enabler hile the s art ess and intellig nc are in the smart ho e manag ent system. If 
smart plugs we e ruly s rt and i tellige t, n w business m dels, opportunities and features could 
appe r on he market and in the open source community. 



















































































ANKUO  NEO PRO 
SW3101M IEEE 802.11b/g/n 3680 * 32.15 
⨯   ⨯ ✓ ⨯ ✓ ⨯ ✓ ⨯ 
BroadLink Smart plug SP3 IEEE 802.11b/g/n 3600 24.90 ⨯ ✓        
D-Link DSP-W215  IEEE 802.11n 1800 36.12   ✓      
EDIMAX SP-2101W V2 IEEE 802.11b/g/n 3680 * 56.82    ✓   ⨯ 
lgato-Eve Ene gy   2500 * 49.99 ✓       ⨯ 
Fibaro Wa l Plug Z-Wave 2500 58.78 ✓  ⨯ ⨯ ✓ ⨯    ⨯ 
Fibaro Wa l Plug ( ) BLE 2500 75.13 ✓ ⨯ ✓ ⨯ ⨯ ✓ ⨯   ✓ ⨯ 
iD vices SWITCH IEEE 802.11b/g/n and BLE 1800 23.74
 ⨯  ✓   ⨯ ✓   ⨯ 
iS cket Environment Pro GSM 000 143.20     ⨯ ✓  ⨯ ✓ 
Koogeek 1 Plug IEEE 802.11b/g/n 1800 22.07 ⨯  ✓   ⨯ ✓ ⨯ ✓ ⨯ 
ORVIBO Smart WiFi 
Meter Plug 31 
IEEE 802.11b/g/n 800 21.20 ⨯ ✓ ⨯ ⨯   ⨯   ✓ ⨯ 
Revogi art Meter Plug BLE 4000 20.31 ⨯    ⨯ 
o off 31 Smart ocket IEEE 802.1 b/g/n 3520 14.54 ⨯ ✓    ✓     
TP-Link HS110 IEEE 802.11b/g/n 1800 32.90 ⨯ ✓ ⨯ ✓   ✓ ✓ ⨯ ✓ ⨯ 
TP-Link RE370K IEEE 
802.11ac /g/b 
3840 62.48 ⨯ ✓ ⨯ ✓   ⨯ ✓ ⨯ ✓ ⨯ 
Wemo Insigh ar Plug IEEE 802.11/n  1800 30.91 ⨯ ✓ ⨯   ✓ ✓   ✓ ⨯ 
Xiaom Mi Smart Socket 
Plug 
IEEE 802.1 b/g/n 2200 18.37 ⨯ ✓ ⨯ ✓ ⨯ ✓   ⨯ 
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and a Circuitor CVM-1D nergy a alyz r, hat presen  ore than 60% f the pric . For a commercial 
version, these two compon nts should b  replac  or eliminated. 
I is worth noting hat Tabl  1 xcludes not only s art plugs without mon toring functions but 
al o smart plugs with mon toring whos  fu ction lit es and capabilities are not well described (i.e. 
whe   s gnifi a t l ck o  inf rma on w s identified, the smar plug was ot included in Table 1). 
2.2. Problems and Limitations 
The co ventional smart plugs pres nted in Table 1 a e not truly art in any aspect. For instance, 
the smart plugs a  nab rs for re fitting ele trical r o rces but d  ot posse s any smartness in 
their c e. The authors c uld ot f n   stan ard def niti n of smart pl gs, but the survey ndicates 
the follow g def nition: a smart plug is an onic devic for e tric l outlet  inst llation h t can 
trol an el t ic r source d is able to communic te, also, it may, or ma  not, have the ability of 
energy mon toring. 
The appl cati n of sma t lugs e ables t e oncept of smart ho es. However, a smart plug is 
only a  enabl r hile the s artness and intellig nc  are in the smart ho e manag ment system. If 
smart plugs we  truly sm rt and intellige t, new busine s odels, opportu ities and feat res could 
appear on th  market and in the pen s urce community. 



















































































ANKU O NEO PRO 
SW 101M IEEE 802.11b/g/n 3680 * 32.15
   ✓ ⨯  ✓ ⨯ 
BroadLink mart plug SP3  . / /  0  24.90         
-Link DSP-W 5  I  802. 1n 18  36.12         
DIMAX S -210 W V2 IEEE 802.11b/g/n 368  * 6.82       
lg t -Eve Energy   * 49.99         
ibaro a l l g Z-Wave 2500 58.78 ✓   ✓ ⨯   ✓ ⨯ 
Fibaro Wa l Plug (BLE) BLE 2500 75.13  ✓  ✓ ⨯   ✓ ⨯ 
iD vices SWITCH IEEE 802.11b/g/n and BLE 1800 23.74
 ⨯  ✓   ⨯ ✓   ⨯ 
iS cket nvironment Pro GSM 4000 143.20      ✓  ✓ 
Koogeek 1 Plug IEEE 802.11b/g/n 1800 22.07 ⨯  ✓   ⨯  ✓ ⨯ 
RVIBO Smart WiFi 
Meter Plug 31 
IEEE 802.11b/g/n 1800 21.20 ✓     ⨯   ✓ ⨯ 
R vogi ma t Meter Plug BLE 40  2 .31      
Sonoff S31 Smart ocket I  802.11 / /  3520 14.54  ⨯       ✓ ⨯ 
TP-Link HS110 802.11b/g/n 1800 32.90  ⨯      ✓ ⨯ 
TP-Link RE370K IEEE 
8 2. 1ac/n/g/b 
3840 62.48  ✓   ⨯  ✓ ⨯ 
Wemo ns ght S art Plug IEEE 802.1 /n  180  30.91  ⨯       ✓ ⨯ 
Xiaom Mi Smart Socket 
Plug 
IEEE 802.11b/g/n 2200 18.37   ✓  ⨯ ✓   ⨯ 
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and a Circuitor CVM-1D energy analyzer, hat presen  ore than 60% of the p ice. Fo  a commercial 
version, these tw  components sh uld be eplaced or eliminated. 
It is wort  noting hat Tabl  1 xcludes not on y smar  pl gs w th ut mon tori g f nctions but 
also s ar  plugs ith on toring hose function lities and capabili i  are not w ll described (i.e. 
whe  a s gnifi a t lack o f rmation was identified, the sm rt plug was not includ d in Table 1). 
2.2. Problems and Limitations 
The co ventional smart plugs pres nted in Table 1 a e not ruly smart in any aspect. For instance, 
the mart plugs ar  nablers for ret ofitting le t ical r o rces but d  not pos e s any smartness in 
thei  core. The authors c uld ot find  st ard def niti n of smart plugs, but the survey ndicates 
the f llow def nition: a sma t p ug is an ele tronic devic for ele trical outle  inst llation h t can 
o trol an el t ic r sour e nd is abl  to communicate, als , it m y, or m y not, have the ability of 
energy mon toring. 
The appl c ti n of smart lugs n bles th  oncept f s art ho es. However, a s art plug is 
only  enabl r hile th  s art ess and intellig nc are in the smart ho e manag ent system. If 
s art plugs we e ruly s t a d i tellig t, n w business m dels, opp rtu ities and feat res could 
appe r on h mark t and in the pen s urce community. 



















































































ANKU  NEO PRO 
W3101M IEEE 802.11b/g/n 3680 * 32.15 
⨯ ⨯  ⨯   ✓ ⨯ 
BroadLink Smart plug SP3 I  802.11b/g/n 3600 24.90     ⨯     
-Link DSP-W215  I  80 .11n 1800 36.12         
D MAX SP-2101W V2 IEEE 80 .11b/g/n 3680 * 56.82 ⨯    ✓    
lgato-Eve Energy  BLE 2500 * 49.99  ✓       
ibaro Wa l l g Z-Wave 2500 58.78 ✓    ⨯    ⨯ 
Fibaro Wa l Plug ( ) BLE 2500 75.13  ✓ ⨯ ✓ ⨯   ✓ ⨯ 
iD vices SWITCH IEEE 802.11b/g/n and BLE 1800 23.74
 ⨯  ✓   ⨯ ✓   ⨯ 
iS cket Environment Pro GSM 000 143.20  ⨯ ⨯ ⨯  ⨯ ⨯ ✓  ⨯ ✓ 
Koogeek 1 Plug IEEE 8 2.11b/g/n 1800 22.07 ⨯  ✓    ✓ ⨯ 
RVIBO Smart WiFi 
Meter Plug 31
IEEE 802.11b/g/n 800 21.20 ✓ ⨯ ⨯   ⨯   ✓ ⨯ 
Revogi a t Meter Plug BLE 40  20.31 ⨯ ⨯     
o off 31 Smart Socket I  802.1 / /  3520 14.54          
TP-Link HS1 0 802.11b/g/n 1800 32.90  ⨯ ✓   ✓  ✓ ⨯ 
TP-Link RE370K IEEE 
802.11ac /g/b 
3840 62.48  ⨯ ✓    ✓ ⨯ 
Wemo Ins gh ar Plug IEEE 802.11/n  180  30.91 ✓ ⨯   ✓ ✓   ✓ ⨯ 
Xiaom Mi Smart Socket 
Plug 
IEEE 802.1 b/g/n 2200 18.37 ⨯   ⨯ ✓   ⨯ 
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2.2. Problems and Limitations 
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their c e. The authors c uld ot f n   sta ard def niti n of smart pl gs, but the survey ndicates 
the follow g def ni i : a smart p ug is an onic devic for e trical outlet  inst llation h t can 
trol an el t ic r source d is able to communic te, als , it may, or ma  not, have the ability of 
nergy mon toring. 
The appl cati n of smart plugs ables t e oncept f s art home . However, a smart plug is 
only a  enabl r wh le th smart ess and intellig nc re in the smart ho e manag ent system. If 
s art plugs we ruly sm rt and i t lige t, new bu iness m del , opportu ities and feat res could 
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ANKU  NEO PRO 
SW3101M IEEE 802.11b/g/n 3680 * 32.15
 ⨯  ⨯ ✓ ⨯  ✓ ⨯ 
BroadLink mart plug SP3  . / /  0  24.90         
-Link DSP-W 5  I  802. 1n 18  36.12  ✓       
DIMAX S -210 W V2 IEEE 802.11b/g/n 368  * 6.82       
lg t -Eve Energy   * 49.99         
ibaro a l l g Z-Wave 2500 58.78 ✓  ⨯ ✓ ⨯    ⨯ 
Fibaro Wa l Plug ( ) BLE 2500 75.13  ⨯ ✓ ⨯ ✓ ⨯   ✓ ⨯ 
iD vices SWITCH IEEE 802.11b/g/n and BLE 1800 23.74
 ⨯  ✓   ⨯ ✓   ⨯ 
iS cket Environment Pro GSM 000 143.20   ⨯   ⨯ ✓  ✓ 
Koogeek  Plug IEEE 802.11b/g/n 1800 22.07 ⨯  ✓  ⨯ ⨯  ✓ ⨯ 
RVIBO Smart WiFi 
eter Plug 31 
IEEE 802.11b/g/n 800 21.20 ⨯ ✓  ⨯   ⨯   ✓ ⨯ 
R vogi a t Meter Plug BLE 40  20.31   ⨯ ⨯    
o off 3  Smart Socket I  802.11 / /  3520 14.54 ✓ ⨯ ✓      ✓ ⨯ 
TP-Link HS110 802.11b/g/n 1800 32.90 ✓ ⨯ ✓ ✓  ✓  ✓ ⨯ 
TP-Link RE370K IEEE 
8 2. ac /g/b 
3840 62.48 ⨯  ⨯ ✓  ⨯ ⨯  ✓ ⨯ 
Wemo ns gh mar Plug IEEE 802.1 /n  180  30.91 ✓ ⨯ ✓   ✓   ✓ ⨯ 
Xiaom Mi Smart Socket 
Plug 
IEEE 802.11b/g/n 2200 18.37 ⨯ ⨯ ✓  ⨯ ✓   ⨯ 
×
EDIMAX SP-2101W V2 IEEE 802.11b/g/n 3680 * 56.82 ×
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and a Circuitor CVM-1D energy analyzer, that represent ore than 60% of the price. For a commercial 
version, these two components should be replaced or eliminated. 
It is worth noting that Table 1 excludes not only mart plugs without monitoring functions but 
also smart plugs ith monitoring whose functionalities and capabilities are not well described (i.e. 
when a significant lack of information was identified, the smart plug was not included in Table 1). 
2.2. Problems and Li itations 
The conventional smart plugs presented in Table 1 are not truly smart in any aspect. For instance, 
the smart plugs are enablers for retrofitting electrical resources but do not possess any smartness in 
their core. The authors could not find a standard definition of smart plugs, but the survey indicates 
the following definition: a smart plug is an electronic device for electrical outlets installation that can 
control an electric resource and is able to co municat , also, it may, or ay not, hav  the ability of 
energy monitoring. 
The application of smart plugs enables the concept of smart homes. However, a smart plug is 
only an enabler while the smartness and intellig nce ar  in the sm rt ho e anagement system. If 
smart plugs were truly smart and intelligent, new business models, opportunities and features could 
appear on the market and in the open source community. 



















































































ANKUOO NEO PRO 
SW3101M IEEE 802.11b/g/n 3680 * 32.15 
⨯ ⨯ ⨯ ⨯ ⨯ ✓ ⨯ ✓ ⨯ ✓ ⨯ 
BroadLink Smart plug SP3 IEEE 802.11b/g/n 3600 24.90 ⨯ ✓ ⨯ ⨯ ⨯ ✓ ⨯ ✓   ⨯ 
D-Link DSP-W215  I E 802.11n 1800 36.12     ⨯  ✓ ✓ ✓ ✓ ⨯ 
DIMAX SP-2101W V2 I E  802.11b/g/n 3680 * 56.82 ⨯ ✓ ⨯ ⨯ ⨯ ✓ ⨯ ✓ ⨯ ⨯ ⨯ 
Elgato-Eve Energy  BLE 2500 * 49.99 ✓ ⨯ ✓ ⨯ ⨯ ⨯ ⨯ ✓ ✓ ✓ ⨯ 
ibaro all l g Z-Wave 2500 58.78   ⨯         
Fibaro Wall Plug (BLE) BLE 2500 75.13 ✓ ⨯ ✓ ⨯ ⨯ ✓ ⨯ ✓ ✓ ✓ ⨯ 
iDevices SWITCH IEEE 802.11b/g/n and BL  1800 23.74
 ⨯ ✓ ✓ ✓ ⨯ ⨯ ⨯ ✓ ⨯ ⨯ ⨯ 
iSocket Environment Pro GSM 4000 143.20  ⨯  ⨯      ⨯ ✓ 
Koogeek P1 Plug IEEE 802.11b/g/n 1800 22.07 ⨯ ✓ ✓ ✓ ⨯ ⨯ ⨯ ✓ ⨯ ✓ ⨯ 
ORVIBO Smart WiFi 
Meter Plug 31 
IEEE 802.11b/g/n 1800 21.20 ⨯ ✓ ⨯ ⨯ ⨯ ⨯ ⨯ ✓ ✓ ✓ ⨯ 
Revogi mart Meter Plug BLE 4000 20.31 ⨯ ⨯ ⨯ ⨯  ⨯ ⨯ ✓  ⨯ ⨯ 
Sonoff S31 Smart ocket I  802.11 / /  3520 14.54            
TP-Link HS110 802.11b/g/n 1800 32.90 ⨯ ✓ ⨯ ✓ ✓ ✓ ✓ ✓ ⨯ ✓ ⨯ 
TP-Link RE370K IEEE 
802.11ac/n/g/b
3840 62.48 ⨯ ✓ ⨯ ✓ ⨯ ⨯ ⨯ ✓ ⨯ ✓ ⨯ 
Wemo Ins ght Smart Plug IEEE 802.11/n  1800 30.91 ⨯ ✓ ⨯ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ⨯ 
Xiaomi Mi Smart Socket 
Plug 
IEEE 802.11b/g/n 2200 18.37 ⨯ ⨯ ⨯ ✓ ⨯ ✓ ⨯ ✓ ⨯ ⨯ ⨯ 
× × ×
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the following definition: a s art plug is an el ctronic device for lectric l outlets inst llation that can 
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The application of smart plugs e ables the concept of smart ho es. However, a smart plug is 
only an enabler hile the smartness and intellig nce ar in the smart ho e management system. If 
s art plugs were truly s art and intelligent, new business models, opportunities and features could 
appear on the market and in the pen source community. 



















































































ANKUOO NEO PRO 
SW3101M  802. 1b/g/n   32.15 
⨯ ⨯ ⨯ ⨯ ⨯ ✓ ⨯ ✓ ⨯ ✓ ⨯ 
Bro dLink Sma t plug SP3 IEEE 802.11b/g/n 36 24 0 ⨯ ✓ ⨯ ✓
D-Link DSP-W215  I  802.11n 18 36 12  ✓
DIMAX S -2101W V2 IEEE 802.11b/g/n 368 * 56 82 ⨯ ⨯  ⨯ 
Elgato-Eve Energy  BLE 2500 * 49.99 ✓ ⨯  ⨯     ✓   
ibaro all l g Z-Wave 2500 58.78            
Fibaro Wall Plug (BLE) BLE 2500 75.13 ✓ ⨯ ✓ ⨯ ⨯ ✓ ⨯ ✓ ✓ ✓ ⨯ 
iDevices SWITCH IEEE 802.11b/g/n and BL 1800 23.74
 ⨯ ✓ ✓ ✓ ⨯ ⨯ ⨯ ✓ ⨯ ⨯ ⨯ 
iSocket Environment Pro GSM 4000 143.20            
Koogeek P1 Plug IEEE 802.11b/g/n 1800 22.07 ⨯ ✓ ✓ ✓ ⨯ ⨯ ⨯ ✓ ⨯ ✓ ⨯ 
ORVIBO Smart WiFi 
eter Plug 3  
IEEE 802.11b/g/n 1800 21.20 ⨯ ✓ ⨯ ⨯ ⨯ ⨯ ⨯ ✓ ✓ ✓ ⨯ 
R vogi mart Meter Plug BLE 4000 20.31    ⨯  ⨯ ⨯  ✓ ⨯  
Sonoff S31 Smart ocket I  802.11 / /  3520 14.54            
TP-Link HS110 802.11b/g/n 1800 32.90 ⨯ ✓ ⨯ ✓ ✓ ✓ ✓ ✓ ⨯ ✓ ⨯ 
TP-Link RE370K 
802. ac/n/g/b 
3840 62.48 ⨯ ✓ ⨯ ✓ ⨯ ⨯ ⨯ ✓ ⨯ ✓ ⨯ 
Wemo Ins ght S art Plug IEEE 802.11/n  1800 30.91 ⨯ ✓ ⨯ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ⨯ 
Xiaomi Mi Smart Socket 
Plug 
IEEE 802.11b/g/n 2200 18.37 ⨯ ⨯ ⨯ ✓ ⨯ ✓ ⨯ ✓ ⨯ ⨯ ⨯ 
×
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and a Circuitor CVM-1D energy a alyzer, that represen  ore than 60% of the price. For a commercial 
version, these two components should be replaced or eliminated. 
I is wo th n ting hat T ble 1 xcludes not only s art plugs without monitoring functions but 
also smart plugs with monitoring hose function lities and capabilities are not well described (i.e. 
whe  a signifi a t lack of inf rmation w s identified, the smart plug was not included in Table 1). 
2.2. Problems a d Limitations 
The conventional smart plugs presented in Table 1 a e not truly s art in any aspect. For instance, 
the smart plugs ar  enab rs for retr fitting electrical r o rces but d  not posse s any smartness in 
their core. The authors c uld not f nd a standard definition of smart plugs, but the survey indicates 
the follow g definition: a s art plug is an onic devic  for e ectrical outlets installation that can 
c trol an el ctric r source d i  able t  communicate, also, it may, r ma  not, have the ability of 
energy onitoring. 
The application of smart plugs enables t e concept of s art ho es. However, a smart plug is 
only an enabl r hile the smartness and in elligence ar in the smart home management system. If 
s art plugs wer  truly smart and intelligent, new business models, opportu ities and feat res could 
appear on th  market and in the pen s urce community. 



















































































ANKU O NEO PRO 
SW 101M IEEE 802.11b/g/n 3680 * 32.15
   ⨯      ✓ ⨯ 
Bro dLink Sma t plug SP3 IEEE 802.11b/g/n 36 24 0  ✓  
-Link DSP-W 5  I  802. 1n 18 36 12  
DIMAX S -210 W V2 IEEE 802.11b/g/n 368 * 56 82  ✓    
lgato-Eve Energy  BLE 2500 * 49.99         ✓   
ibaro all l g Z-Wave 2500 58.78            
Fibaro Wall Plug (BLE) BLE 2500 75.13   ✓ ⨯   ⨯  ✓ ✓ ⨯ 
iDevices SWITCH IEEE 802.11b/g/n and BL 1800 23.74
 ⨯  ✓ ✓  ⨯  ✓  ⨯ ⨯ 
iS cket nvironment Pro GSM 4000 143.20            
Koogeek P1 Plug IEEE 802.11b/g/n 1800 22.07 ⨯  ✓ ✓  ⨯    ✓ ⨯ 
RVIBO Smart WiFi 
eter Plug 3  
IEEE 802.11b/g/n 1800 21.20  ✓    ⨯ ⨯  ✓ ✓ ⨯ 
Revogi a t Meter Plug BLE 400  20.31      ⨯ ⨯  ✓ ⨯  
So off 31 Smart ocket I  802.11 / /  3520 14.54            
TP-Link HS110 802.11b/g/n 1800 32.90   ⨯    ✓   ✓ ⨯ 
TP-Link RE370K 
8 2. ac /g/b 
3840 62.48    ✓  ⨯    ✓ ⨯ 
Wemo ns gh ar Plug IEEE 802.1 /n  180  30.91   ⨯      ✓ ✓ ⨯ 
Xiaomi Mi Smart Socket 
Plug 
IEEE 802.11b/g/n 2200 18.37  ⨯      ✓  ⨯ ⨯ 
× × ×
Elgato-Eve Energy BLE 2500 * 49.99
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and a Circuitor CVM-1D energy analyzer, that represent more than 60% of the price. For a commercial 
version, these two components should be repl ced or eliminated. 
It is worth noting that Table 1 excludes not only smart plugs without monitoring functions but 
also smart plugs ith monitoring whose functionalities and capabilities are not well described (i.e. 
when a significant lack of information was identified, the smart plug was not included in Table 1). 
2.2. Problems and Limi ations 
The conventional smart plugs prese ted in Table 1 are not truly smart in any aspect. For instance, 
the smart plugs are enablers for retrofitting electrical resources ut do not possess any smartn ss in 
their core. The authors could n t find a standard definition of smart plugs, but the survey indicates 
the following definition: a smart plug is an el ctron c device for lectrical outl ts in tallation that can 
control an electric resource and is able to communic te, also, it may, or may not, have the ability of 
energy monitoring. 
The application of smart plugs enables the concept of smart ho es. However, a s art plug is 
only an enabler hile the s artness and intelligence are in the smart home anagement system. If 
smart plugs were truly smart and intelligent, new business models, opportunities and features could 
appear on the market and in the open source community. 



















































































ANKUOO NEO PRO 
SW3101M IE E 802.11b/g/n 3680 * 32.15 
⨯ ⨯ ⨯ ⨯ ⨯ ✓ ⨯ ✓ ⨯ ✓ ⨯ 
BroadLink Smart plug SP3 IEEE 802.11b/g/n 3600 24.90 ⨯ ✓ ⨯ ⨯ ⨯ ✓ ⨯    ⨯ 
D-Link DSP-W215  IEEE 802.11n 1800 36.12 ⨯ ✓ ⨯ ✓  ✓  ✓  ✓  
EDIMAX SP-2101W V2 I E  802.11b/g/n 3680 * 56.8  ⨯   ⨯  ✓  ✓ ⨯ ⨯ ⨯ 
Elgato-Eve Energy  BLE 2500 * 49.99 ✓ ⨯ ✓  ⨯ ⨯ ⨯ ✓ ✓ ✓ ⨯ 
Fibaro Wall Plug Z-Wave 2500 58.78 ✓ ⨯  ⨯  ✓ ⨯ ✓   ⨯ 
Fibaro Wall Plug (BLE) BLE 2500 75.13 ✓  ✓   ✓  ✓  ✓  
iDevices SWITCH IEEE 802. 1b/g/n and BL 1800 23.74
 ⨯ ✓ ✓ ✓ ⨯ ⨯ ⨯ ✓ ⨯ ⨯ ⨯ 
iSocket Environment Pro GSM 4000 143.20 ⨯  ⨯ ⨯ ⨯   ✓ ⨯   
Koogeek P1 Plug IEEE 802.11b/g/n 1800 22.07 ⨯ ✓ ✓ ✓    ✓ ⨯   
ORVIBO Smart WiFi 
Meter Plug 31 
IEEE 802.11b/g/n 1800 21.20 ⨯ ✓ ⨯ ⨯ ⨯ ⨯ ⨯ ✓ ✓ ✓ ⨯ 
Revogi Smart Meter Plug BLE 4000 20.31 ⨯ ⨯ ⨯ ⨯ ⨯ ⨯ ⨯ ✓ ✓ ⨯ ⨯ 
Sonoff S31 Smart Socket IEEE 802.11b/g/n 3520 14.54 ⨯ ✓ ⨯ ✓      ✓ ⨯ 
TP-Link HS110 IEEE 802.11b/g/n 1800 32.90 ⨯ ✓ ⨯ ✓     ⨯  ⨯ 
TP-Link RE370K IEEE 
802.11 c/n/g/b
3840 62.48 ⨯ ✓  ✓ ⨯  ⨯ ✓ ⨯ ✓  
Wemo Insight S art Plug IEEE 802.11/n  1800 30.91 ⨯ ✓ ⨯ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ⨯ 
Xiaomi Mi Smart Socket 
Plug 
IEEE 802.11b/g/n 2200 18.37 ⨯ ⨯ ⨯ ✓ ⨯ ✓ ⨯ ✓ ⨯ ⨯ ⨯ 
×
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and a Circuitor CVM-1D energy analyzer, that represen  more than 60% of the price. For a commercial 
version, these two components should be repl ced or eliminated. 
It is worth noting that Table 1 xcludes not only smart plugs without monitoring functions but 
also smart plugs ith monitoring hose function lities and capabilities are not well described (i.e. 
whe  a signifi ant lack of inf rmation was identified, the smart plug was not included in Table 1). 
2.2. Problems and Li itat ons 
The co ventional smart plugs prese ted in Table 1 a e not truly smart in any aspect. For instance, 
the smart plugs ar  enablers for retrofitting electrical r o rces ut d  not posse s any smartn ss in 
their core. The uthors could not find a standard efinition of smart plugs, but t e survey indicates
the follow g definition: a smart plug is  electron c devic for lectrical outlets in talla ion that can 
co trol an el ctric r source nd is able o c mmunicate, also, it may, or may not, have the ability of 
energy monitoring. 
The application of smart plugs enables the concept of s art ho es. However, a smart plug is 
only an enabl r while the smartness and intellig nce are in the smart home anagement system. If 
smart plugs were truly s art and intelligent, new business models, opportu ities and feat res could 
appear on th  market and in the pen s urce community. 



















































































ANKU O NEO PRO 
SW3101M IEEE 802.11b/g/n 3680 * 32.15
   ⨯      ✓ ⨯ 
BroadLink Smart plug SP3 IEEE 802.11b/g/n 3600 24.90  ✓     ⨯   ✓ ⨯ 
-Link DSP-W215  IEEE 802.11n 1800 36.12     ⨯    ✓ ✓ ⨯ 
EDIMAX SP-2101W V2 I EE 802.11b/g/n 3680 * 56.8           ⨯ 
lgato-Eve Energy  BLE 2500 * 49.99   ✓   ⨯ ⨯  ✓ ✓ ⨯ 
Fibaro Wall Plug Z-Wave 2500 58.78 ✓      ⨯   ✓ ⨯ 
Fibaro Wall Plug (BLE) BLE 2500 75.13   ✓    ⨯  ✓  ⨯ 
iDevices SWITCH IEEE 802.11b/g/n and BL  1800 23.74
 ⨯  ✓ ✓  ⨯  ✓  ⨯ ⨯ 
iSocket Environment Pro GSM 4000 143.20        ✓ ⨯  ✓ 
Koogeek P1 Plug IEEE 802.11b/g/n 1800 22.07   ✓ ✓      ✓ ⨯ 
RVIBO Smart WiFi
Meter Plug 31 
IEEE 802.11b/g/n 1800 21.20  ✓    ⨯ ⨯  ✓ ✓ ⨯ 
Revogi a t Meter Plug BLE 400  20.31      ⨯ ⨯ ✓ ✓ ⨯ ⨯ 
So off 31 Smart Socket IEEE 802.11b/g/n 352  14.54   ⨯       ✓ ⨯ 
TP-Link HS110 IEEE 802.11b/g/n 1800 3 .90   ⨯       ✓ ⨯ 
TP-Link RE370K IEEE 
802.11ac /g/b
3840 62.48    ✓      ✓ ⨯ 
Wemo Insigh ar Plug IEEE 802.11/n  180  30.91   ⨯      ✓ ✓ ⨯ 
Xiaomi Mi Smart Socket 
Plug 
IEEE 802.11b/g/n 2200 18.37  ⨯      ✓  ⨯ ⨯ 
× × × ×
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and a Circuitor CVM-1D energy analyzer, that represent ore than 60% of the p ice. For a commercial 
version, these tw  comp ents sh uld be replaced or eliminated. 
It is worth noting that Table 1 excludes not only smart plugs w thout monitoring functions but 
also s art plugs with monitoring whose functionalities and capabiliti  are not well described (i.e. 
when a s gnificant lack of nformation was identified, the smart plug was not included in Table 1). 
2.2 Pr bl ms a d Limi ti ns 
The conventional smart plugs presented in Table 1 are not truly s art in any aspect. For instance, 
the mart lugs re n b ers for ret ofitting lectrical res urces but d  not p s ss ny smartness in
thei  cor . The aut ors cou d ot fi d a st dard d finitio of smart plugs, but th urvey indicate
the f llowin definition: a sm t plug is a ele tronic device f r ectrical o tle s installati n that can
trol a l ctric r sou e and is abl  to communicate, also, it m y, or m y not, have the ability of 
energy monitoring. 
The applic tion of smart lugs en bles th  concept of smart homes. However, a smart plug is 
only n enabler while th  smartness and intelligence are in the smart home management system. If 
s art plugs were truly smart a d intelligent, n w business models, opp r unities and feature  could 
appe r on the mark t and in the open source community. 



















































































ANKUOO NEO PRO 
SW 101M IEEE 802.11b/g/n 3680 * 32.15 
⨯ ⨯ ⨯ ⨯ ⨯ ✓ ⨯ ✓ ⨯ ✓ ⨯ 
BroadLink Smart plug SP3 IEEE 802.11b/g/n 3600 24.90 ⨯  ⨯ ⨯ ⨯  ⨯    ⨯ 
D-Link DSP-W215  I  80 .11n 1800 36.12   ⨯  ⨯      ⨯ 
D MAX SP-2101W V2 3680 * 56.82 ⨯ ✓ ⨯ ⨯ ⨯ ✓ ⨯ ✓ ⨯ ⨯ ⨯ 
Elgato-Eve Energy  BLE 2500 * 49.99 ✓ ⨯ ✓ ⨯ ⨯ ⨯ ⨯ ✓ ✓ ✓ ⨯ 
ibaro all l g Z-Wave 2500 58.78            
Fibaro Wall Plug (BLE) BLE 2500 75.13 ✓  ✓         
iDevices SWITCH and BL  1800 23.74
 ⨯ ✓ ✓ ✓ ⨯ ⨯ ⨯ ✓ ⨯ ⨯ ⨯ 
iSocket nvi onment Pro GSM 4000 143.20  ⨯        ⨯ ✓ 
Koogeek P1 Plug IEEE 8 2.11b/g/n 1800 22.07  ✓ ✓ ✓        
ORVIBO Smart WiFi 
Meter Plug 31 
IEEE 802.11b/g/n 1800 21.20 ⨯ ✓ ⨯ ⨯ ⨯ ⨯ ⨯ ✓ ✓ ✓ ⨯ 
Revogi Smart Meter Plug BLE 4000 20.31 ⨯ ⨯ ⨯ ⨯ ⨯ ⨯ ⨯ ✓ ✓ ⨯ ⨯ 
onoff S31 Smart Socket I  802.1 / /  3520 14.54         ✓   
TP-Link HS1 0 18 32 90
TP-Link RE370K IEEE 
8 2. 1ac/n/g/b 
3840 62.48            
Wemo Ins ght Smart Plug IEEE 802.11/n  1800 30.91 ⨯ ✓ ⨯ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ⨯ 
Xiaomi Mi Smart Socket 
Plug 
IEEE 802.1 b/g/n 2200 18.37 ⨯ ⨯ ⨯ ✓ ⨯ ✓ ⨯ ✓ ⨯ ⨯ ⨯ 
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and a Circuitor CVM-1D ergy a alyzer, hat present more than 60% of the price. For a commercial 
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ANKUOO NEO PRO 
W3101M IEEE 802.11b/g/n 3680 * 32.15 
  ⨯ ✓ ⨯ ✓ ⨯ ✓ ⨯ 
BroadLink Smart plug SP3 IEEE 802.11b/g/n 3600 24.90 ⨯    ⨯ ✓ ⨯    ⨯ 
D-Link DSP-W 5  IEEE 802. 1n 1800 36.12 ⨯  ⨯  ⨯ ✓     ⨯ 
DIMAX SP-210 W V2 IEEE 802.11b/g/n 3680 * 56.82 ⨯ ✓   ⨯ ✓ ⨯    ⨯ 
Elgato-Eve Energy  BLE 2500 * 49.99 ✓ ⨯ ✓    ⨯   ✓ ⨯ 
Fib ro Wa l Plug Z-Wave 2500 58.78 ✓ ⨯  ⨯ ⨯ ✓ ⨯   ✓ ⨯ 
Fibaro Wa l Plug (BLE) BLE 2500 75.13 ✓ ✓  ✓     
iD vices SWITCH and BL  1800 23.74
 ⨯  ✓   ⨯ ✓   ⨯ 
iS cket Environment Pro GSM 4000 143.20 ⨯ ⨯ ⨯  ⨯ ⨯ ✓  ✓ 
Koogeek  Plug IEEE 802.11b/g/n 1800 22.07  ✓      
ORVIBO Smart WiFi
Meter Plug 31
IEEE 802.11b/g/n 1800 21.20 ⨯ ✓     ⨯   ✓ ⨯ 
Revogi art Meter Plug BLE 4000 20.31     ⨯  ✓  ⨯ 
o off 3  Smart Socket I  802.11b/g/n 3520 14.54 ⨯ ✓ ⨯ ✓ ✓  ✓   ✓ ⨯ 
TP-Link HS110 IEEE 802.11b/g/n 1800 32.90     
TP-Link RE370K IEEE 
802.11ac /g/b 
3840 62.48 ✓     ✓  
Wemo nsigh mar Plug IEEE 802.1 /n  1800 30.91 ⨯ ✓ ⨯       ✓ ⨯ 
Xiaom Mi Smart Socket 
Plug 
IEEE 802.11b/g/n 2200 18.37 ⨯ ✓ ⨯ ✓ ⨯ ✓   ⨯ 
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and a Circuitor CVM-1D ene gy analyzer, hat pr sen  more than 60% of the price. For a commercial 
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ANKU O NEO PRO 
SW3101M IEEE 802.11b/g/n 3680 * 32.15
     ✓ ⨯ 
BroadLink Smart plug SP3 IEEE 802.11b/g/n 3600 24.90 ✓    ⨯    ⨯ 
-Link DSP-W215  IEEE 80 .11n 1800 36.12 ✓ ✓ ⨯      ⨯ 
D MAX SP-2101W V2 3680 * 56.82 ✓    ✓   ⨯ 
lgato-Eve Energy  BLE 2500 * 49.99  ✓    ⨯   ✓ ⨯ 
Fibaro Wa l Plug Z-Wave 2500 58.78    ✓ ⨯   ✓ ⨯ 
Fibaro Wa l Plug (BLE) BLE 2500 75.13  ✓      ⨯ 
iD vices SWITCH and BLE 1800 23.74
 ⨯  ✓   ✓   ⨯ 
iSocket Environment Pro GSM 4000 143.20      ⨯   ⨯ ✓ 
Koogeek 1 Plug IEEE 8 2.11b/g/n 1800 22.07   ✓    ✓  
RVIBO Smart WiFi 
eter Plug 31 
IEEE 802.11b/g/n 1800 21.20 ✓     ⨯   ✓ ⨯ 
Revogi Sma t Meter Plug BLE 400  20.31      ⨯  ✓  ⨯ 
Sonoff S31 Smart Socket I  802.11b/g/n 3520 14.54 ✓ ⨯       ✓ ⨯ 
TP-Link HS1 0 18 32 90
TP-Link RE370K IEEE 
8 2. ac/n/g/b 
3840 62.48 ✓     ✓  
Wemo Insight Smart Plug IEEE 802.11/n  180  30.91  ⨯       ✓ ⨯ 
Xiaom Mi Smart Socket 
Plug 
IEEE 802.11b/g/n 2200 18.37     ✓   ⨯ 
×
Fibaro Wall Plug Z-Wave 2500 58.78
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and a Circuitor CVM-1D energy analyzer, that represent ore than 60% of the price. For a commercial 
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2.2. Problems and Limi at ons 
The conventional smart plugs presented in Table 1 are not truly smart in any aspect. For instance, 
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only an enabler while the smartness and intelligence are in the smart home management system. If 
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ANKUOO NEO PRO 
SW3101M IEEE 802.11b/g/n 3680 * 32.15 
⨯ ⨯ ⨯ ⨯ ⨯ ✓ ⨯ ✓ ⨯ ✓ ⨯ 
BroadLink Smart plug SP3 I  802.11b/g/n 3600 24.90    ⨯ ⨯    ✓  ⨯ 
D-Link DSP-W215  IE E 802.11n 1800 36.12  ✓ ⨯ ✓ ⨯  ✓  ✓ ✓  
DIMAX SP-2101W V2 I E  802.11b/g/  3680 * 56.82 ⨯ ✓ ⨯ ⨯  ✓    ⨯  
Elgato-Eve Energy  BLE 2500 * 49.99     ⨯ ⨯   ✓ ✓  
ibaro all l g Z-Wave 2500 58.78           
Fibar  Wall lug (BLE) BLE 2500 75.13 ✓     ✓  ✓  ✓  
iDevices SWITCH IEEE 802. 1b/g/nand BL  1800 23.74
 ⨯ ✓ ✓    ✓ ⨯ ⨯ ⨯ 
iSock t Environment P o GS  4000 143.20        ⨯ ✓ 
Koogeek P1 Plug IEEE 802. 1b/g/n 1800 22. 7 ⨯ ✓ ✓     ⨯   
ORVIBO Smart WiFi
Meter Plug 31 
IEEE 802.11b/g/n 1800 21.20 ⨯ ✓ ⨯ ⨯ ⨯ ⨯ ⨯ ✓ ✓ ✓ ⨯ 
Revogi mart Meter Plug BLE 4000 2 .3   ⨯  ⨯  ⨯ ⨯ ✓ ✓ ⨯  
Sonoff S31 Smar  ocke I  802.11 /  352 4.54            
TP-Link HS110 802.11b/g/n 1800 32.90 ⨯ ✓ ⨯ ✓     ⨯  ⨯ 
TP-Link RE370K IEEE 
802.11ac/n/g/b 
3840 62.48 ⨯ ✓  ✓ ⨯  ⨯ ✓ ⨯ ✓  
Wemo Ins ght Smart Plug IEEE 802.11/n  1800 30.91 ⨯ ✓ ⨯ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ⨯ 
Xiaomi Mi Smart Socket 
Plug 
IEEE 802.11b/g/n 2200 18.37 ⨯ ⨯ ⨯ ✓ ⨯ ✓ ⨯ ✓ ⨯ ⨯ ⨯ 
× × × ×
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and a Circuitor CVM-1D energy analyzer, that represent more than 60% of the p ice. For a commercial 
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ANKUOO NEO PRO 
W3101M IEEE 802.11b/g/n 368  * 32.15 
⨯ ⨯ ⨯ ⨯ ⨯ ✓ ⨯ ✓ ⨯ ✓ ⨯ 
BroadLink Smart plug SP3 IEEE 802.11b/g/n 3600 24.90 ⨯ ✓ ⨯ ⨯  ✓  ✓ ✓ ✓ ⨯ 
D-Link DSP-W215  IEEE 802.11n 1800 36.12 ⨯ ✓    ✓ ✓  ✓   
DIMAX SP-2101W V2 IEEE 802.11b/g/n 3680 * 56.82 ⨯ ✓ ⨯  ⨯ ✓  ✓  ⨯ ⨯ 
Elgato-Eve Energy  BLE 2500 * 49.99 ✓ ⨯ ✓ ⨯ ⨯ ⨯ ⨯ ✓ ✓ ✓ ⨯ 
Fibaro Wall Plug Z-Wave 25 58.78 ✓ ✓ ✓  
Fibaro Wall l  (BLE) BLE 25 75 13 ✓ ✓  
iDevices SWITCH and BL  3 74
 ✓  
iSocket Envi on en o GSM 1 3.20  
K ogee  P1 Plug 180 2 07 ✓ ⨯
ORVIBO Smart WiFi
Meter Plug 31
IEEE 802.11b/g/n 1800 21.20 ⨯ ✓ ⨯ ⨯ ⨯ ⨯ ⨯ ✓ ✓ ✓ ⨯ 
Revogi Smart Meter Plug BLE 4000 20.31 ⨯ ⨯ ⨯ ⨯ ⨯ ⨯ ⨯ ✓ ✓ ⨯ ⨯ 
onoff S31 Smart ocket / /  352 4 54
TP-Link HS110 IEEE 802.11b/g/n 1800 32.90            
TP-Link RE370K IEEE 
802.11ac/n/g/b 
3840 62.48  ✓          
Wemo Insight S art Plug IEEE 802.11/n  1800 30.91 ⨯ ✓ ⨯ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ⨯ 
Xiaomi Mi Smart Socket 
Plug 
IEEE 802.1 b/g/n 2200 18.37 ⨯ ⨯ ⨯ ✓ ⨯ ✓ ⨯ ✓ ⨯ ⨯ ⨯ 
×
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and a Circuitor CVM-1D energy analyzer, that represen  ore than 60% of the price. For a commercial 
version, these two components should be replaced or eliminated. 
It is worth noting that Table 1 xcludes not only smart plugs w thout monitoring functions but 
also smart plugs with monitoring whose function lities and capabilities are not well described (i.e. 
whe  a signifi ant lack of inf rmation was identified, the smart plug was not included in Table 1). 
2.2 Pr bl ms a d Lim ti n  
The conventional smart plugs presented in Table 1 a e not truly s art in any aspect. For instance, 
the mart plugs ar  nablers for ret ofitting electrical r o rces but d  not posse s any s artness in 
their core. The authors c uld ot find a st ndard definition of smart plugs, but the survey indicates 
the follow definition: a s art plug is an ele tronic devic  for electrical outlets installation that can 
co trol an el ctric r source nd is able to communicate, also, it may, or may not, have the ability of 
energy onitoring. 
The applic tion of smart lugs en bles th  concept of s art ho es. However, a s art plug is 
only n enabl r hile th  smartness and intellig nce are in the smart home management system. If 
s art plugs were truly s art a d intelligent, new business models, opp rtu ities and feat res could 
appear on th mark t and in the pen s urce community. 



















































































ANKU O NEO PRO 
SW3101M IEEE 802.11b/g/n 3680 * 32.15
   ⨯      ✓ ⨯ 
BroadLink Smart plug SP3 IEEE 802.11b/g/n 3600 24.90  ✓       ✓ ✓  
-Link DSP-W215  IEEE 80 .11n 1800 36.12         ✓   
D MAX SP-2101W V2 I EE 80 .11b/g/n 3680 * 56.82          ⨯  
lgato-Eve Energy  BLE 2500 * 49.99   ✓    ⨯  ✓ ✓ ⨯ 
ibaro all l g Z-Wave 25 58.78     
Fibar  Wall l  (BLE) BLE 25 75 13    
iDevices SWITCH and BLE 3 74
  
iSock t Envi on en P o GSM 143.20  
K ogeek P1 Plug 180 2 07
RVIBO Smart WiFi 
Meter Plug 31 
IEEE 802.11b/g/n 1800 21.20  ✓    ⨯ ⨯  ✓ ✓ ⨯ 
Revogi ma t Meter Plug BLE 400  20.31      ⨯ ⨯   ⨯ ⨯ 
Sonoff 31 Smar  ocke /  352 4 54
TP-Link HS1 0 802.11b/g/n 1800 32.90            
TP-Link RE370K IEEE 
802.11ac/n/g/b 
3840 62.48            
Wemo Ins ght S art Plug IEEE 802.11/n  180  30.91   ⨯      ✓ ✓ ⨯ 
Xiaomi Mi Smart Socket 
Plug 
IEEE 802.11b/g/n 2200 18.37  ⨯      ✓  ⨯ ⨯ 
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ANKUO NEO PRO 
SW 101M IEEE 802.11b/g/n 3680 * 32.15 
⨯ ⨯  ⨯ ⨯ ✓ ⨯ ✓ ⨯ ✓ ⨯ 
BroadLink Smart plug SP3 I  802.11b/g/n 3600 24.90 ✓    ⨯   ✓  
D-Link DSP-W215  I  802.11n 1800 36.12  ✓     ✓  
DIMAX SP-2101W V2 IEE  802.11b/g/n 3680 * 56.82    ✓     
lg to-Eve nergy  BLE 2500 * 49.99  ✓        
ib ro a l l g Z-Wave 25 58.78     
Fibar  Wa l l  ( ) BLE 5 75 13   
iD vices SWITCH and BLE 3 74
 ✓ 
iS ck nvironment P o GSM 143.20  
K ogeek 1 Plug 180 22 07
ORVIBO Smart WiFi
Meter Plug 31 
IEEE 802.11b/g/n 800 21.20 ⨯ ✓ ⨯ ⨯   ⨯   ✓ ⨯ 
Revogi art Meter Plug BLE 4000 20.31 ⨯     ⨯  ✓   
off 3  ar  ocke /  352 14 54
TP-Link HS110 802.11b/g/n 1800 32.90         
TP-Link RE370K IEEE 
8 2. 1ac /g/b 
3840 62.48      ✓  
Wemo Ins gh ar Plug IEEE 802.11/n  1800 30.91 ⨯ ✓ ⨯ ✓ ✓ ✓ ✓   ✓ ⨯ 
Xiaom Mi Smart Socket 
Plug 
IEEE 802.11b/g/n 2200 18.37 ⨯ ⨯ ✓ ⨯ ✓ ⨯ ✓   ⨯ 
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ANKU O NEO PRO 
SW310 M IEEE 802.11b/g/n 3680 * 32.15
   ⨯ ✓ ⨯  ✓ ⨯ 
BroadLink Smart plug SP3 I  802.11b/g/n 3600 24.90    ✓ ⨯   ✓  
-Link DSP-W215  IEEE 802.11n 1800 36.12       ✓  
DIMAX SP-2101W V2 I EE 802.11b/g/n 3680 * 56.82         
lgato- ve Energy  BLE 2500 * 49.99  ⨯ ✓        
ibaro a l l g Z-Wave 25 58.78     
Fibaro Wa l l  (BLE) BLE 25 75 13    
iD vices SWITCH and BLE 3 74
  ✓ 
iSocket Environment Pro GSM 143.20 ✓ 
K ogee   Plug 180 22 07  
RVIBO Smart WiFi 
Meter Plug 31 
IEEE 802.11b/g/n 1800 21.20 ⨯ ✓     ⨯   ✓ ⨯ 
R vogi a t Meter Plug BLE 400  20.31      ⨯     
off 3  art Socket / /  352 4 54
TP-Link HS110 802.11b/g/n 1800 32.90         
TP-Link RE370K IEEE 
802. 1ac /g/b 
3840 62.48      ✓  
Wemo Ins gh mar Plug IEEE 802.11/n  180  30.91 ✓ ⨯       ✓ ⨯ 
Xiaom Mi Smart Socket 
Plug 
IEEE 802.11b/g/n 2200 18.37   ⨯ ✓ ⨯  ⨯ ✓   ⨯ 
×
Fibaro Wall Plug (BLE) BLE 2500 75.13
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and a Circuitor CVM-1D nergy ana yzer, th t represent ore than 60% of th pric . For a com e c al 
version, these two components hould be r placed o  eliminated. 
It is worth noting that able 1 excludes not only smart plugs without m nit ring fu ctions but
also smart plugs ith mon t ring wh se functionalities d ca abi ties ar n t well d scribed (i.e. 
when a significant lack of inf rma ion was ide tified, the smart plug was ot included in Table 1). 
2.2. Problems and Limi ations 
The conventional smart plugs presented in Table 1 are not truly smart in any aspect. For instance, 
the smart plugs are enablers for retrofitting electrical resources but do not possess any s artness in 
their core. The authors could not find a standard definition of smart plugs, but the survey indicates 
the following definition: a smart plug is an electronic device for electrical outlets installation that can 
control an electric resource and is able to communicate, also, it may, or may not, have the ability of 
energy monitoring. 
The application of smart plugs enables the concept of smart ho es. However, a smart plug is 
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appear on the market and in the open source community. 



















































































ANKUOO NEO PRO 
SW3101M IEEE 802.11b/g/n 3680 * 32.15 
⨯ ⨯ ⨯ ⨯ ⨯ ✓ ⨯ ✓ ⨯ ✓ ⨯ 
BroadLink Smart plug SP3 I E  802.11b/g/n 3600 24.90 ⨯   ⨯  ✓ ⨯ ✓   ⨯ 
D-Link DSP-W215  IE E 802.11n 1800 36.12   ✓ ⨯  ✓ ✓ ✓ ✓ ⨯ 
DIMAX SP-2101W V2 I E  802.11b/g/  3680 * 56.82 ⨯ ✓ ⨯ ⨯  ✓ ⨯ ✓ ⨯ ⨯ ⨯ 
Elgato-Eve ergy  BLE 2500 * 49.99 ✓  ✓     ✓  ✓  
ibar  all l g Z-Wave 2500 58.78        
Fibar  Wall lug (BLE) BLE 2500 75.13 ✓   ⨯  ✓  ✓  ✓  
iDevices SWITCH IEEE 802.11b/g/nnd BL  1800 23.74
 ⨯ ✓ ✓    ✓ ⨯ ⨯ ⨯ 
iSock t Environ ent P o GS  4000 3. 0        ⨯  
Koogeek P1 Plug IEEE 802. 1b/g/n 1800 22. 7 ⨯ ✓ ✓  ⨯   ⨯  
ORVIBO Smart WiFi 
Meter Plug 31 
IEEE 802.11b/g/n 1800 21.20 ⨯ ✓ ⨯  ⨯   ✓  ✓ ⨯ 
Revogi Smart Meter Plug BLE 400  2 .3  ⨯  ⨯  ⨯ ⨯ ⨯   ⨯ ⨯ 
Sonoff S31 Smar ocke  802.11 /  3520 4.54            
TP-Link HS110 802.11b/g/n 1800 32.90 ⨯ ✓ ⨯ ✓     ⨯  ⨯ 
TP-Link RE370K IEEE 
802.11 c/n/g/b
3840 62.48 ⨯ ✓  ✓ ⨯  ⨯ ✓ ⨯ ✓  
Wemo Ins ght Smart Plug IEEE 802.11/n  1800 30.91 ⨯ ✓ ⨯ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ⨯ 
Xiaomi Mi Smart Socket 
Plug 
IEEE 802.11b/g/n 2200 18.37 ⨯ ⨯ ⨯ ✓ ⨯ ✓ ⨯ ✓ ⨯ ⨯ ⨯ 
×
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and a Circuitor CVM-1D nergy nalyzer, hat pres n  more than 60% of th pric . For a com e c al 
version, these two components hould be r placed o  eliminated. 
It is worth noting th t able 1 xcludes not only smart plugs without m nit ring f nctions but
also smart plugs ith mon t r ng wh se function lities d capab ities ar n t well d scribed (i.e. 
whe  a signifi ant lack of inf rmation was ide tified, the smart plug was ot included i  Table 1). 
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their core. The authors c uld not find a standard definition of smart plugs, but the survey indicates 
the follow g definition: a smart plug is an electronic devic  for electrical outlets installation that can 
co trol an el ctric r source nd is able to communicate, also, it may, or may not, have the ability of 
energy monitoring. 
The application of smart plugs enables the concept of smart ho es. However, a smart plug is 
only an enabl r while the smartness and intellig nce are in the smart home anagement syst m. If
smart plugs were truly s art and intelligent, new business models, opportu ities an  feat res could 
appear on th  market and in the pen s urce community. 



















































































ANKU O NEO PRO
SW3101M IEE  802.11b/g/n 3680 * 32.15
   ⨯      ✓ ⨯ 
BroadLink Smart plug SP3 IEEE 802.11b/g/n 3600 24.90    ⨯   ⨯  ✓ ✓ ⨯ 
-Link DSP-W215  IEEE 802.11  1800 36.12     ⨯    ✓ ✓ ⨯ 
DIMAX SP-2101W V2 I EE 802.11b/g/n 3680 * 56.82  ✓        ⨯ ⨯ 
lgato-Eve Energy  BLE 2500 * 49.99   ✓    ⨯  ✓  ⨯ 
Fibaro Wall Plug Z-Wave 2500 58.78          
Fibar  W ll lug (BLE) BLE 2500 75.13        ⨯ 
iDevices SWITCH IEEE 802.11b/g/nnd BLE 1800 23.74
 ⨯  ✓     ⨯ 
iSock t Environment P o GS  4000 3. 0       ✓ 
Koogeek P1 Plug IEEE 802. 1b/g/n 1800 22. 7    ✓ ⨯ 
RVIBO Smart WiFi
Meter Plug 31 
IEE  802.11b/g/n 1800 21.20  ✓     ⨯   ✓ ⨯ 
Revogi Sma t Meter Plug BLE 400  20.3      ⨯ ⨯    ⨯ 
S noff S31 ar ocke  802.11b/g  3520 14.54  ⨯        ⨯ 
TP-Link HS110 IEEE 802.11b/g/n 1800 32.90   ⨯       ✓ ⨯ 
TP-Link RE370K IEEE 
802. 1ac/n/g/b
3840 62.48    ✓      ✓ ⨯ 
Wemo Insight S art Plug IEEE 802.11/n  180  30.91   ⨯      ✓ ✓ ⨯ 
Xiaomi Mi Smart Socket 
Plug 
IEEE 802.11b/g/n 2200 18.37  ⨯      ✓  ⨯ ⨯ 
× ×
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ANKUO  NEO PRO 
SW3101M IE E 802.11b/g/n 368  * 32. 5 
⨯ ⨯ ⨯ ⨯ ⨯ ✓ ⨯ ✓ ⨯ ✓ ⨯ 
BroadLink Smart plug SP3 I  802.11b/g/n 3600 24.90   ⨯ ⨯ ⨯  ⨯ ✓  ✓ ⨯ 
D-Link DSP-W215  I  802.11n 1800 36.12    ✓   ✓  ✓ ✓  
DIMAX SP-2101W V2 IEEE 802.11b/g/n 368  * 56.8   ✓    ✓      
lgato- ve Energy  BLE 25  * 49.99        
ibaro all l  Z-Wave 25 58.78  
Fibar  Wall l  ( ) BLE 25 75 13    
iDevices SWITCH and BL  3 74
  ⨯
iS ck t Envi on en P o GSM 3.20       
K ogee  1 Plug 07
ORVIBO Smart WiFi 
Meter Plug 31 
IEEE 802.11b/g/n 0  21.20 ⨯ ✓ ⨯ ⨯ ⨯   ✓ ✓ ✓ ⨯ 
Revogi mart Mete  Plug BLE 40  2 .3  ⨯ ⨯ ⨯ ⨯ ⨯ ⨯ ⨯ ✓  ⨯ ⨯ 
on ff 31 /  352 14 54
TP-Link HS110 802.11b/g/n 1800 32.90         ⨯   
TP-Link RE370K IEEE 
802.11ac/n/g/b 
3840 62.48  ✓    ⨯      
Wemo Ins ght S art Plug IEEE 802.11/n  1800 30.91 ⨯ ✓ ⨯ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ⨯ 
Xiaomi Mi Smart Socket 
Plug 
IEEE 802.1 b/g/n 2200 18.37 ⨯ ⨯ ⨯ ✓ ⨯ ✓ ⨯ ✓ ⨯ ⨯ ⨯ 
×
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ANKU O NEO PRO 
SW3101M IEEE 802.11b/g/n 3680 * 32.15
   ⨯      ✓ ⨯ 
BroadLink Smart plug SP3 I  802.11b/g/n 3600 24.90  ✓  ⨯   ⨯   ✓ ⨯ 
-Link DSP-W215  I  80 .11n 1800 36.12     ⨯    ✓ ✓ ⨯ 
D MAX SP-2101W V2 IEEE 80 .11b/g/n 368  * 56.8  ✓          
lgato- ve e gy  BLE 25  * 49.99        
ibar  all l Z-Wave 25 58.78  
Fibar  Wall l  (BLE) BLE 25 75 13    
iDevices SWITCH and BL 3 74
  
iSock t nviron en P o GSM 3.20      
K ogee  1 Plug 07
RVIBO Smart WiFi 
Meter Plug 31 
IEEE 802.11b/g/n 1 0  21.20  ✓       ✓ ✓ ⨯ 
Revogi t Mete  Plug BLE 40  2 .3      ⨯ ⨯ ✓  ⨯ ⨯ 
n ff 31 /  352 14 54
TP-Link HS1 0 802.11b/g/n 1800 32.90            
TP-Link RE370K IEEE 
802. 1ac/n/g/b 
3840 62.48      ⨯    ✓  
Wemo Ins ght S art Plug IEEE 802.11/n  180  30.91   ⨯      ✓ ✓ ⨯ 
Xiaomi Mi Smart Socket 
Plug 
IEEE 802.1 b/g/n 2200 18.37  ⨯      ✓  ⨯ ⨯ 
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ANKUO  NEO PRO 
W3101M IEEE 802.11b/g/n 3680 * 32.15 
⨯ ⨯  ⨯ ⨯ ✓ ⨯ ✓ ⨯ ✓ ⨯ 
BroadLink Smart plug SP3 IEEE 802.11b/g/n 3600 24.90 ⨯ ✓  ⨯ ⨯ ✓ ⨯    ⨯ 
D-Link DSP-W 5  I  802. 1n 1800 36.12 ⨯ ✓ ⨯ ✓ ⨯  ✓   ✓ ⨯ 
DIMAX SP-210 W V2 IEEE 802.11b/g/n 3680 * 56.82 ⨯    ✓     
lg to- ve ergy  BLE 5  * 49.99        
ib a l l Z-Wave 5 58.78 ✓   
Fibar  W l l  ( ) BLE 5 75 13  ⨯   
iD vices SWITCH IEEE 8 2.11b/g/n and BL 3 74
 ✓ 
i ck E viron ent P o GSM 0 3.20     
K ogee  1 Plug 2 07 ⨯
ORVIBO Smart WiFi
Meter Plug 31
IEEE 802.11b/g/n 0  21.20   ⨯     ✓  
Revogi art Mete  Plug BLE 40  2 .3  ⨯ ⨯ ⨯ ⨯   ⨯  ✓  ⨯ 
ff 3 /  352 14 54
TP-Link HS110 802.11b/g/n 1800 32.90 ⨯ ✓ ⨯ ✓ ✓ ✓ ✓  ⨯ ✓ ⨯ 
TP-Link RE370K IEEE 
8 2. 1ac /g/b 
3840 62.48 ✓ ⨯ ✓  ⨯ ⨯ ✓ ✓ ⨯ 
Wemo ns gh ar Plug IEEE 802.1 /n  1800 30.91 ⨯ ✓ ⨯ ✓ ✓ ✓ ✓   ✓ ⨯ 
Xiaom Mi Smart Socket 
Plug 
IEEE 802.11b/g/n 2200 18.37 ⨯ ⨯ ✓ ⨯ ✓ ⨯ ✓   ⨯ 
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ANKU O NEO PRO 
SW310 M IEEE 802.11b/g/n 3680 * 32.15
   ⨯ ✓ ⨯  ✓ ⨯ 
BroadLink Smart plug SP3 I  802.11b/g/n 3600 24.90 ⨯ ✓   ✓ ⨯    ⨯ 
-Link DSP-W215  I  80 .11n 1800 36.12 ⨯ ✓ ✓ ⨯     ✓ ⨯ 
D MAX SP-2101W V2 IEEE 80 .11b/g/n 368  * 56.8        ⨯ 
lgato- ve Ene gy  BLE 25  * 49.99        
ibaro a l l Z-Wave 25 58.78   ⨯
Fibaro W l l  (BLE) BLE 5 75 13  ⨯ ⨯ ✓  
iD vices SWITCH IEEE 802.11b/g/n and BLE 3 74
  ✓ 
iSock Environment Pro GSM 3.20     ✓
K ogee   Plug 2 07  ⨯
RVIBO Smart WiFi 
eter Plug 31 
IEEE 802.11b/g/n 1 0  21.20 ⨯ ✓       ✓ ⨯ 
R vogi t Mete  Plug BLE 40  2 .3      ⨯    ⨯ 
ff 3 1 / /  352 14 54
TP-Link HS1 0 802.11b/g/n 1800 32.90 ✓ ⨯      ✓ ⨯ 
TP-Link RE370K IEEE 
802. ac /g/b 
3840 62.48 ⨯ ✓ ⨯ ✓   ⨯  ✓ ⨯ 
Wemo Ins gh mar Plug IEEE 802.11/n  180  30.91 ✓ ⨯       ✓ ⨯ 
Xiaom Mi Smart Socket 
Plug 
IEEE 802.11b/g/n 2200 18.37   ⨯ ✓ ⨯  ⨯ ✓   ⨯ 
×
iDevices SWITCH IEEE 802.11b/g/nand BLE 1800 23.74 ×
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ANKUOO NEO PRO 
SW3101 IEEE 802.11b/g/n 3680 * 32.15 
⨯ ⨯  ⨯  ✓ ⨯ ✓ ⨯  ⨯ 
BroadLink Smart plug SP3 EE  802.1 b/g/n 3600 24.90  ✓   ⨯ 
D-Link DSP-W215  IEE  802.11n 1800 36.12 ✓     ⨯ 
EDIMAX SP-2101W V2 368  * 56.8   ✓  ⨯ 
Elgato-Eve Energy  BLE 25  * 49.99 ✓ ⨯  ⨯      
Fibaro Wall Plug Z-Wave 2500 58.78 ✓ ⨯ ⨯ ⨯ ⨯ ✓ ⨯ ✓ ✓ ✓ ⨯ 
Fibaro all Plug (BLE) BLE 25  75.13      ✓      
iDevices SWITCH I  . / /  and BLE 18  3.74
 ⨯ ✓ ✓ ✓    ✓   ⨯ 
iSocket Environment Pro GSM 40  143. 0  ⨯  ⨯ ⨯ ⨯ ⨯   ⨯ ✓ 
Koogeek P1 Plug IEEE 802.11b/g/n 1800 22.07 ⨯ ✓  ✓ ⨯ ⨯ ⨯ ✓ ⨯ ✓ ⨯ 
ORVIBO Smart WiFi 
Meter Plug 31 
IEEE 802.11b/g/n 1800 21.20 ⨯ ✓ ⨯     ✓ ✓ ✓ ⨯ 
Revogi mart Meter Plug BLE 4000 20.31 ⨯  ⨯ ⨯ ⨯ ⨯ ⨯ ✓ ✓  ⨯ 
Sonoff S31 Smart Socket I  . / /  352  4.54  ✓   ✓  ✓  ✓   
TP-Link HS110 18 32 90 ✓ ✓
TP-Link RE370K IEEE 
802.11ac/n/g/b 
3840 62.48 ⨯ ✓ ⨯  ⨯ ⨯ ⨯  ⨯  ⨯ 
Wemo Insight Smart Plug IEEE 802.11/n  1800 30.91  ✓  ✓  ✓  ✓  ✓  
Xiaomi Mi Smart Socket 
Plug 
IEEE 802.11b/g/n 2200 18.37 ⨯ ⨯ ⨯ ✓ ⨯ ✓ ⨯ ✓ ⨯ ⨯ ⨯ 
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SW3101M IEEE 802.11b/g/n 3680 * 32.15 
   ✓   
Bro dLink Sma t plu  SP3 E  802.1 b/g/n 36 24 0  ✓  
D-Link DSP-W215  I E  802.11  18 36 12 ⨯ 
EDIMAX S -2101W V2 I EE 802.11b/g/n 368 * 56 82  ✓    
Elgato-Eve Ene gy   2500 * 49.99  ⨯     ⨯   ✓ ⨯ 
Fibaro a l Plug Z-Wave 2500 58.78 ✓   ⨯ ✓ ⨯   ✓ ⨯ 
Fibaro Wa l Plug (BLE) BLE 2500 75.13         
iD vices SWITCH IEEE 802.11b/g/n and BLE 1800 23.74
  ✓   ✓    
iSocket Environment Pro GSM 4000 43. 0     ⨯ ✓  ✓ 
Koogeek 1 Plug IEEE 802.11b/g/n 1800 22.07  ✓      
ORVIBO Smart WiFi 
Meter Plug 3  
IEEE 802.11b/g/n 1800 21.20 ✓       ✓  
Revogi Smart Meter Plug BLE 4000 20.31       ✓  ⨯ 
Sonoff S31 Smart Socket IEEE 802.11b/g/n 3520 4.54 ✓       ✓  
TP-Link HS110 IEEE 802.11b/g/n 1800 3 .90          
TP-Link RE370K 
802.11ac/n/g/b 
3840 62.48     ⨯    
Wemo Insight Smart Plug IEEE 802.11/n  1800 30.91        ✓  
Xiaom Mi Smart Socket 
Plug 
IEEE 802.11b/g/n 2200 18.37 ⨯ ✓ ⨯ ✓ ⨯ ✓   ⨯ 
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ANKU O NEO PRO 
W3101M IEEE 802.11b/g/n 3680 * 32.15
⨯  ⨯    ⨯ 
BroadLink Smart plu  SP3 I EE 802.1 b/g/n 3600 24.90 ⨯  ⨯  ✓     ⨯ 
-Link DSP-W215  I EE 802.11n 1800 36.12 ⨯  ⨯  ⨯      ⨯ 
DIMAX SP-2101W V2 I EE 802.11b/g/n 3680 * 56.82          
lgato-Eve Energy  BLE 2500 * 49.99        ⨯ 
Fibaro Wa l Plug Z-Wave 2500 58.78 ✓    ⨯   ✓ ⨯ 
Fibaro a l Plug (BLE) BLE 25  75.13        
iD vices SWITC  IEEE 802.11b/g/n and BLE 18  3.74
 ⨯         
iSocket Environment Pro GSM 4000 43.20       ⨯ ✓ 
Koogeek 1 Plug IEEE 802.11b/g/n 1800 22.07 ⨯       ⨯ 
RVIBO Smart WiFi 
Meter Plug 31 
IEEE 802.11b/g/n 1800 21.20 ✓        ⨯ 
Revogi Sma t Meter Plug BLE 400  2 .31    ⨯ ⨯  ✓  ⨯ 
Sonoff S31 Smart Socket I  . / /  352  4.54          
TP-Link HS110 IEEE 802.11b/g/n 1800 32.90   ✓  ✓    
TP-Link RE370K IEEE 
802.11ac/n/g/b 
3840 62.48 ✓      ⨯ 
Wemo Insight Smart Plug IEEE 802.11/n  180  30.91   ✓       
Xiaom Mi Smart Socket 
Plug 
IEEE 802.11b/g/n 2200 18.37     ✓   ⨯ 
× × ×
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ANKUOO NEO PRO 
S 3101 IEEE 802.11b/g/n 3680 * 32.15 
           
Bro dLink ma t plug SP3 E  . / /  24 0   
D-Link DSP- 5  I EE 802. 1n 18 36 12 ⨯
DIMAX S -210 W V2 368 * 6 8  
Elg to- ve nergy  * 49 99  
Fibaro all Plug Z-Wave 2500 58.78 ✓ ⨯ ⨯ ⨯ ⨯ ✓ ⨯ ✓ ✓ ✓ ⨯ 
Fibaro Wall Plug (BLE) BLE 25  75.13           
iDevices SWITC  I  . / /  and BLE 3 74
     
iS cket vironment Pro GSM 40 143.20    
Koogeek P1 Plug IEEE 802.11b/g/n 1800 22.07   ✓   ⨯ ⨯     
ORVIBO Smart WiFi 
Meter Plug 3  
IEEE 802.11b/g/n 1800 21.20  ✓       ✓   
R vogi Smart Meter Plug BLE 40  2 .31 ⨯ ⨯ ⨯ ⨯ ⨯ ⨯ ⨯ ✓ ✓ ⨯ ⨯ 
onoff S31 Smart Socket I  . / /  352  4.54            
TP-Link HS110 18 32 90 ✓
TP-Link RE370K 
802.11ac/n/g/b 
3840 62.48      ⨯ ⨯     
Wemo nsight Smart Plug IEEE 802.1 /n  1800 30.91            
Xiaomi Mi Smart Socket 
Plug 
IEEE 802.1 b/g/n 2200 18.37 ⨯ ⨯ ⨯ ✓ ⨯ ✓ ⨯ ✓ ⨯ ⨯ ⨯ 
× × ×
iSoc et Enviro me t Pro GSM 4 143. 0 × × × × × × ×
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ANKUOO NEO PRO 
SW3101M / /   2 5
Bro dLink Smart plug SP3 36 24 90 ⨯  
D-Link DSP-W215  IEEE 802.11n 1800 36.12 ⨯  ⨯  ⨯ ✓  ✓ ✓ ✓ ⨯ 
EDIMAX SP-2101W V2 IEEE 802.11b/g/n 3680 * 56.82         ⨯  
Elgato-Ev  Energy  BLE 25 * 49 99  ⨯ ⨯ ⨯ ⨯ ✓ ✓ ✓ ⨯
Fibaro all Plug Z-Wave 25  58. 8         
Fibaro Wall Plug (BLE) BLE 2500 75.13 ✓ ⨯ ✓ ⨯ ⨯ ✓ ⨯ ✓ ✓ ✓ ⨯ 
iDevi es SW TC  IEEE 802.11b/g/n and BL 3 7
 ⨯ ⨯
iSocket Environment Pro GSM 40 143.20 
Koogee  1 Plug IEEE 802.11b/g/n 1 0  2 .07         
O VIBO Smart WiFi 
Meter Plug 1 
 . /  1.2      
Revogi Smart Meter Plug BLE 40  2 . 1      
Sonoff S31 Smart Socket IEEE 802.11b/g/n 52 14 54 ⨯ ✓   ✓ ✓  ⨯
TP-Link HS110 IEEE 802.11b/g/n 1800 32.90 ⨯ ✓ ⨯ ✓ ✓ ✓ ✓ ✓ ⨯ ✓ ⨯ 
TP-Link RE370K IEEE 
802.11ac/n/g/b 
3840 62.48 ⨯ ✓ ⨯ ✓ ⨯ ⨯ ⨯ ✓ ⨯ ✓ ⨯ 
Wemo Insight Smart Plug IEEE 802.11/n  1800 30.91  ✓   ✓  ✓  ✓ ✓  
Xiaomi Mi Smart Socket 
Plug 
IEEE 802.11b/g/n 2200 18.37 ⨯ ⨯ ⨯ ✓ ⨯ ✓ ⨯ ✓ ⨯ ⨯ ⨯ 
× ×
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ANKUO  NEO PRO 
SW310 M IEE  802.11b/g/n 3680 * 32.15 
⨯  ⨯ ✓ ⨯  ✓ ⨯ 
roadLink Smart plug SP3 IEEE 802.11b/g/n 3600 24.90 ⨯ ✓  ⨯  ✓ ⨯   ✓ ⨯ 
D-Link DSP-W215  IEEE 802.11n 1800 36.12 ⨯  ⨯  ⨯ ✓ ✓ ✓ ✓ ✓ ⨯ 
EDIMAX SP-2101W V2 IEEE 802.11b/g/n 3680 * 56.82 ⨯ ✓ ⨯ ⨯  ✓ ⨯  ⨯  ⨯ 
lgato-Eve ergy  BLE 2500 * 49.99 ⨯  ⨯ ⨯ ⨯ ⨯ ✓  ✓ ⨯ 
Fibaro all Plug Z-Wave 25 0 58.78  ⨯  ✓ ⨯   ✓ ⨯ 
Fibaro Wall Plug ( ) BLE 2500 75.13 ✓ ⨯ ✓ ⨯ ⨯ ✓ ⨯ ✓ ✓ ✓ ⨯ 
iD vi es SWITCH IEEE 802.11b/g/n and BLE 18 0 23.74
  ✓   ⨯ 
iS cket E vironment Pro GSM 000 143.20 ⨯      ✓ 
Koogeek P1 Plug IEEE 802.11b/g/n 1800 22.07   ✓   ⨯  ✓ ⨯ 
ORVIBO Smart WiFi 
Meter Plug 1 
IEEE 802.1 b/g/n 80  21.20 ✓ ⨯ ⨯ ⨯ ⨯ ⨯   ✓ ⨯ 
Revogi Smart Meter Plug BLE 4000 20.31   ⨯ ⨯  ⨯    ⨯ 
o off 1 Smart Socket IEEE 802.11b/g/n 3520 14.54  ⨯ ✓ ✓  ✓   ✓ ⨯ 
TP-Link HS110 IEEE 802.11b/g/n 1800 32.90 ⨯ ✓ ⨯ ✓ ✓ ✓ ✓ ✓ ⨯ ✓ ⨯ 
TP-Link RE370K IEEE 
802.11ac/n/g/b 
3840 62.48 ⨯ ✓ ⨯ ✓ ⨯ ⨯ ⨯ ✓ ⨯ ✓ ⨯ 
Wemo Insight Smart Plug IEEE 802.11/n  1800 30.91 ⨯ ✓ ⨯ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ⨯ 
Xiaomi Mi Smart Socket 
Plug 
IEEE 802.11b/g/n 2200 18.37 ⨯ ⨯ ⨯ ✓ ⨯ ✓ ⨯ ✓ ⨯ ⨯ ⨯ 
Koogeek P1 Plug E 802.1 b/g/n 1 22.07 ×
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ANKUOO NEO PRO 
SW3101M EE 802.1 b/g/n 3680 * 32.15
⨯   ⨯ ⨯ ✓ ⨯ ✓  ✓  
BroadLink mart plug SP3 00 24.90 ⨯ ⨯ ⨯ ⨯  ⨯ ✓    
D-Link DSP-W215  IEE  802.11n 1800 36.12 ⨯ ✓ ✓ ⨯ ✓  ✓  ✓ ⨯ 
EDIMAX S -2101W V2 IEEE 802.11b/g/n 368  * 6.82        ⨯  
Elg t -Ev  Energy   * 49 99  
Fibaro Wall Plug Z-Wave 25  58.78 ✓ ⨯    ✓      
Fibaro Wall Plug (BLE) BLE 2500 75.13 ✓ ⨯ ✓ ⨯ ⨯ ✓ ⨯ ✓ ✓ ✓ ⨯ 
iDevices SWITC  IEEE 802.11b/g/n and BL  23 7
 ✓ ⨯ ⨯ ⨯
iSocket Environment Pro GSM 400 143.20 ⨯ ⨯ ⨯ ✓
Koogee  P1 Plug IEE  802.11b/g/n 1 0  2 .07   ✓         
ORVIBO Smart WiFi 
Meter Plug 31 
I  . b/g/n  21.20   ⨯ ⨯ ⨯    
Revogi Smart Meter Plug BLE 40  2 . 1         
Sonoff S31 Smart Socket IEEE 802.11b/g/n 3520 14.54 ⨯ ✓ ⨯ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ⨯ 
TP-Link HS110 IEEE 802.11b/g/n 1800 32.90 ⨯ ✓ ⨯ ✓ ✓ ✓ ✓ ✓ ⨯ ✓ ⨯ 
TP-Link RE370K IEEE 
802.11ac/n/g/b 
3840 62.48 ⨯ ✓ ⨯ ✓ ⨯ ⨯ ⨯ ✓ ⨯ ✓ ⨯ 
Wemo Insight Smart Plug IEEE 802.11/n  1800 30.91 ⨯ ✓ ⨯ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ⨯ 
Xiaomi Mi Smart Socket 
Plug 
IEEE 802.11b/g/n 2200 18.37 ⨯ ⨯ ⨯ ✓ ⨯ ✓ ⨯ ✓ ⨯ ⨯ ⨯ 
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ANKUOO NEO PRO 
SW3101M E  . / /    32.15 
     ✓  ✓  
Bro dLink mart plug SP3 E  . / /  24 90 ⨯  ⨯ ✓
D-Link DSP-W215  I EE 802.11n 18  36.1  ✓  ⨯       
EDIMAX S -2101W V2 I EE 802.11b/g/n 368  * 6.82       
Elg t -Eve Energy    * 49.99    
Fibaro Wa l Plug Z-Wave 2500 58.78    ✓ ⨯   ✓ ⨯ 
Fibaro Wa l Plug (BLE) BLE 2500 75.13 ✓ ⨯ ✓  ⨯ ✓ ⨯   ✓ ⨯ 
iD vices SWITCH IEEE 802.11b/g/n and BL  1800 2 .74
 ⨯ ⨯   ⨯ 
iSocket Environment Pro GSM 4000 143.20      ✓    
Koogeek 1 Plug IEEE 802.11b/g/n 1800 22.07 ⨯  ✓   ⨯ ✓ ⨯ ✓ ⨯ 
O VIBO Smart WiFi 
Meter Plug 31 
I  . / /   2 .2      
Revogi mart Meter Plug BLE 40  20.31   
Sonoff S31 Smart Socket IEEE 802.11b/g/n 3520 14.54 ⨯ ✓ ⨯       ✓ ⨯ 
TP-Link HS110 IEEE 802.11b/g/n 1800 32.90 ⨯ ✓ ⨯     ✓ ⨯ ✓ ⨯ 
TP-Link RE370K IEEE 
802.11ac/n/g/b
3840 62.48 ⨯ ✓ ⨯ ✓   ⨯ ✓ ⨯ ✓ ⨯ 
Wemo Insight Smart Plug IEEE 802.11/n  1800 30.91 ⨯ ✓ ⨯       ✓ ⨯ 
Xiaom Mi Smart Socket 
Plug 
IEEE 802.11b/g/n 2200 18.37 ⨯ ✓ ⨯ ✓ ⨯ ✓   ⨯ 
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version, these two co ponents should be replaced or eliminated. 
It s worth n ting hat Tabl  1 xc ude not only mart plugs wi hout n toring function bu
a so mart plugs with mon toring whos  func on l i s a d cap bilit es a e not well de crib d (i.e. 
w  a s gnifi ant lack  inf r atio  was identifie , the smart plug was o  inclu ed in Table 1). 
2.2. P blems and Limitations 
The co ventional smart plugs pres nted in Table 1 a e not truly s art in any aspect. For instance, 
the smart plugs ar  enablers for retrofitting ele trical r o rces but d  ot posse s a y smartness in 
their core. The authors c uld not find  stan ard def niti n of smart plugs, but the survey ndicates 
the follow g def nition: a smart plug is an electronic devic for ele trical outlet  installatio  h t an 
co trol an el t ic r source nd is able to co municate, also, it may, or ay not, have the ability of 
energy mon toring. 
The appl cati n of smart plugs enables the oncept of smart homes. However, a art plu  is
only a  enabl r while the smartness and int llig nc  are in the sm rt ho e a ag me t system. If 
smart plugs we e truly sm rt and intellige t, new business models, opportu iti s a d feat res could 
appear on th  market and in the pen s urce community. 



















































































ANKU O NEO PRO 
SW3101M I EE 802.1 b/g/n 3680 * 32.15
⨯        
BroadLink mart plug SP3 E  . / /  0  24.90    ⨯   ✓ ⨯ 
-Link DSP-W215  IEEE 802.11n 18  36.12    ✓     
EDIMAX S -2101W V2 IEE  802.11b/g/n 368  * 6.82 ✓      
lg t -Ev  Energy   * 49 99
Fibaro Wa l Plug Z-Wave 2500 58.78 ✓       ⨯ 
Fibaro Wa l Plug (BLE) BLE 2500 75.13  ✓   ⨯   ✓ ⨯ 
iD vices SW TC  IEEE 802.1 b/g/  and BL  3 74
    
iSocket Environment Pro GSM 400 143.20  ⨯ ✓
Koogeek 1 Plug IEEE 802.11b/g/n 1800 22.07         
RVIBO Smart WiFi 
Meter Plug 31 
IEEE 802.11b/g/n 80  21.20     ⨯ ⨯     
Revogi ma t Meter Plug BLE 40  2 .31 ⨯ ⨯    
Sonoff S31 Smart Socket IEEE 802.11b/g/n 3520 14.54  ⨯       ✓ ⨯ 
TP-Link HS110 IEEE 802.11b/g/n 1800 32.90  ⨯      ✓ ⨯ 
TP-Link RE370K IEEE 
802.11ac/n/g/b 
3840 62.48  ✓    ✓ ⨯ 
Wemo Insight Smart Plug IEEE 802.11/n  180  30.91  ⨯       ✓ ⨯ 
Xiaom Mi Smart Socket 
Plug 
IEEE 802.11b/g/n 2200 18.37     ✓   ⨯ 
× × ×
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ANKUOO NEO PRO 
SW3101M . / /   32.15  
ro dLink mart plug SP3 24 90 ⨯ ⨯
D-Link DSP-W 5  n 36 12    
DIMAX S -210 W V2 IEEE 802.11b/g/n 368  * 6.82 ⨯        ⨯ ⨯  
Elg t -Ev  Energy * 49 99  
ibaro all l g Z-Wave 25  58.78           
Fibaro Wall Plug (BLE) BLE 2500 75.13 ✓ ⨯ ✓ ⨯ ⨯ ✓ ⨯ ✓ ✓ ✓ ⨯ 
iDevices SW TC  IEEE 802.1 b/g/  and BL 23 7
⨯ ⨯
iS cket Environment Pro GSM 400 143.20       
Koo ee  P1 Plug IEEE 802.11b/g/n 1 0  2 .07   ✓         
ORVIBO Smart WiFi 
Meter Plug 1 
 . / /   21.2     ⨯    
R vogi Smart Meter Plug BLE 40  2 . 1         
onoff S31 Smart Socket I  802.1 / /  3520 14.54         ✓   
TP-Link HS110 802.11b/g/n 1800 32.90 ⨯ ✓ ⨯ ✓ ✓ ✓ ✓ ✓ ⨯ ✓ ⨯ 
TP-Link RE370K IEEE 
802.11ac/n/g/b 
3840 62.48 ⨯ ✓ ⨯ ✓ ⨯ ⨯ ⨯ ✓ ⨯ ✓ ⨯ 
Wemo ns ght S art Plug IEEE 802.1 /n  1800 30.91 ⨯ ✓ ⨯ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ⨯ 
Xiaomi Mi Smart Socket 
Plug 
IEEE 802.1 b/g/n 2200 18.37 ⨯ ⨯ ⨯ ✓ ⨯ ✓ ⨯ ✓ ⨯ ⨯ ⨯ 
×
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ANKU O NEO PRO 
SW3101M . / /   32.15  ✓
Bro dLink Smart plug SP3 IEEE 80 .11b/g/n 36 24 90 ⨯
-Link DSP-W 5  n 36 12 ✓ ✓  
D MAX SP-210 W V2 IEEE 80 .11b/g/n 3680 * 56.82          ⨯ ⨯ 
lgato-Eve Energy BLE 25 * 49 99  
Fibaro Wall Plug Z-Wave 2500 58.78       ⨯    ⨯ 
Fibaro Wall Plug (BLE) BLE 2500 75.13   ✓ ⨯   ⨯  ✓ ✓ ⨯ 
iDevi es SWITCH IEEE 802.11b/g/n and BLE 23 74
    ⨯ ⨯   
iS cket Environment Pro GSM 400 143.20    ⨯    
Koo eek P  Plug IEEE 8 2.11b/g/n 1800 22.07 ⨯  ✓ ✓ ⨯ ⨯ ⨯   ✓ ⨯ 
VIBO Smart WiFi 
Meter Plug 1 
 . / /   21.2     ⨯ ⨯ ⨯     
Revogi Sma t Meter Plug BLE 400  20.31            
Sonoff S3  Smart Socket IEEE 802.11b/g/n 3520 14.54   ⨯       ✓ ⨯ 
TP-Link HS1 0 IEEE 802.11b/g/n 1800 32.90   ⨯    ✓   ✓ ⨯ 
TP-Link RE370K IEEE 
802. 1ac/n/g/b 
3840 62.48    ✓  ⨯    ✓ ⨯ 
Wemo nsight S art Plug IEEE 802.1 /n  180  30.91   ⨯      ✓ ✓ ⨯ 
Xiaomi Mi Smart Socket 
Plug 
IEEE 802.11b/g/n 2200 18.37  ⨯      ✓  ⨯ ⨯ 
×
ORVIBO Smart iFi
Meter Plug 31 I 8 2.1 b/g/ 1 21.20 ×
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ANKUOO NEO P O 
SW3101M I 802.11 / /  32.15  
BroadLink Smart plug SP3 IEE  802.1 b/g/n 3600 24.90 ⨯  ⨯   ✓  ✓  ✓  
D-Link DSP-W215  n 36 1 ✓ ✓  
EDIMAX SP-2101W V2 IEEE 802.11b/g/n 3680 * 56.82      ✓      
Elgato-Ev  Energy  BLE 2500 * 49.99 ✓ ⨯  ⨯ ⨯ ⨯ ⨯  ✓  
Fibaro all Plug Z- ave 25  58.78 ✓    ⨯ ✓   ✓ ✓  
Fibaro Wall Plug (BLE) BLE 2 0  75.13 ✓    ✓     
iDevices SW TCH IEEE 802. 1b/g/n and BL  1800 23.74
 ⨯ ✓ ✓ ✓ ⨯ ⨯ ⨯ ✓ ⨯  ⨯ 
iSocket Environment Pro GSM 4000 143.20 ⨯ ⨯ ⨯ ⨯ ⨯ ⨯ ⨯ ✓ ⨯ ⨯ ✓ 
Koo eek P1 Plug  . b/g/n  2 .07   ✓         
ORVIBO Smart WiFi 
Meter Plug 31 
 .   21.2      ⨯    
Revogi Smart Meter Plug BLE 400  2 .31  ⨯  ⨯    ✓ ✓ ⨯  
Sonoff S31 Smart Socket IEEE 802.11b/g/n 3520 14.54 ⨯ ✓ ⨯ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ⨯ 
TP-Link HS110 IEEE 802.11b/g/n 1800 32.90       ✓     
TP-Link RE370K IEEE 
802.11ac/n/g/b 
3840 62.48      ⨯ ⨯  ⨯   
Wemo Insight Smart Plug IEEE 802.11/n  1800 30.91  ✓          
Xiaomi Mi Smart Socket 
Plug 
IEEE 802.11b/g/n 2200 18.37 ⨯ ⨯ ⨯ ✓ ⨯ ✓ ⨯ ✓ ⨯ ⨯ ⨯ 
× × × × ×
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ANKUOO NEO PRO 
SW310 M I 802.11 / /   32 15
BroadLink mart plug SP3  . / /  0  24.90   ⨯        
D-Link SP- 2 5  n 36 12   
EDIMAX -210 W V2 I  802.11 / /  3680 * 6.82         
Elg t -Eve E e gy   * 49.99      ⨯     
Fib o all Plug Z-Wave 25  58.78 ✓  ⨯   ✓  ✓  ✓ ⨯ 
Fibaro Wall Plug (BLE) 2 75 13 ✓  ✓   ✓    
iDevices SWITCH EEE . b g  and BLE 1800 23.74
 ⨯ ✓ ✓ ✓ ⨯  ⨯ ✓ ⨯ ⨯ ⨯ 
iS cket Environment Pro GSM 4000 143.20 ⨯ ⨯ ⨯ ⨯ ⨯ ⨯ ⨯ ✓ ⨯ ⨯ ✓ 
Koo ee  P1 Plu   . 1b/g/   22.07    ⨯       
ORVIBO Smart WiFi 
Meter Plug 31 
 .   21.2    ⨯  ⨯   ✓ ✓  
Revogi Smart Meter Plug BLE 40  20.31  ⨯  ⨯ ⨯  ✓ ⨯  
onoff S31 art ocket IEEE 802.11b/g/n 3520 14.54 ⨯ ✓ ⨯ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ⨯ 
TP-Link HS110 IEEE 802.11b/g/n 1800 32.90     ✓  ✓     
TP-Link RE370K IEEE 
802.11ac/n/g/b 
3840 62.48      ⨯ ⨯  ⨯   
Wemo nsight Smart Plug IEEE 802.1 /n  1800 30.91  ✓   ✓  ✓  ✓   
Xiaomi Mi Smart Socket 
Plug 
IEEE 802.11b/g/n 2200 18.37 ⨯ ⨯ ⨯ ✓ ⨯ ✓ ⨯ ✓ ⨯ ⨯ ⨯ 
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ANKUOO NEO PRO 
SW3101M I E 80 .11b/g/n 368 * 32 15
BroadLink Smart plug SP3 IEEE 802.11b/g/n 3600 24.90    ✓   ✓  
D-Link DSP- 215  n 36 12 ✓  
ED MAX P-2101W V2 IEEE 80 .11b/g/n 3680 * 56.82        
Elgato-Eve Energy  BLE 2500 * 49.99        ⨯ 
Fibaro Wa l Plug Z-Wave 2500 58.78 ✓ ⨯ ⨯  ✓ ⨯   ✓ ⨯ 
Fib o a l Plug (BLE) 2 75 13 ✓  ✓  ✓   
iD vices SWITCH EEE .  and BLE 1800 23.74
 ⨯  ✓   ⨯ ✓   ⨯ 
iSocket Environment Pro GSM 4000 143.20     ⨯ ✓  ⨯ ✓ 
K o eek 1 Plug IEEE 8 2.11b/g/n 1800 22.07 ⨯ ✓ ✓ ✓    ⨯ ✓ ⨯ 
ORVIBO Smart WiFi 
Meter Plug 31 
IEEE 802.11b/g/n 1800 21.20  ✓  ⨯  ⨯ ⨯   ✓ ⨯ 
Revogi mart Meter Plug BLE 4000 2 .31 ⨯     
onoff 31 art ocket IEEE 802.11b/g/n 3520 14.54 ⨯ ✓ ⨯       ✓ ⨯ 
TP-Link HS1 0 IEEE 802.11b/g/n 1800 32.90 ⨯ ✓ ⨯     ✓ ⨯ ✓ ⨯ 
TP-Link RE370K IEEE 
802.11ac/n/g/b 
3840 62.48 ⨯ ✓ ⨯    ⨯  ⨯  ⨯ 
Wemo Insight Smart Plug IEEE 802.11/n  1800 30.91 ✓       ✓  
Xiaom Mi Smart Socket 
Plug 
IEEE 802.11b/g/n 2200 18.37 ⨯ ✓ ⨯ ✓ ⨯ ✓   ⨯ 
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and Circuitor CVM-1D r y analyzer, h t pre e m r  th n 60% of the price. For commer ial
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app ar o th  market a d in th  p  s urce c m u ity. 



















































































ANKU O NEO PRO 
SW3101M I E 80 .11b/g/n 368 * 32 15
BroadLink Smart plug SP3 IEEE 802.11b/g/n 3600 24.90       ✓  
D-Link DSP-W215  n 36 12   
DIMAX P-2101W V2 I  802.11 / /  3680 * 56.82         
lgato-Eve Energy  BLE 2500 * 49.99  ✓    ⨯     
Fib o a l Plug Z-Wave 250  58.78 ✓    ⨯   ✓ ⨯ 
Fib o Wa l Plug (BLE) 25 75 13  ✓   ✓  
iD vices SWITCH EEE .  and BLE 1800 23.74
 ⨯  ✓   ✓   ⨯ 
iSocket Environment Pro GSM 4000 143.20      ✓  ⨯ ✓ 
Koo ee   Plu  IEEE 802.11b/g/n 180  22.07  ✓    ✓ ⨯ 
RVIBO Smart WiFi 
Meter Plug 31 
IEEE 802.11b/g/n 1800 21.20 ⨯ ✓     ⨯   ✓ ⨯ 
Revogi Sma t Meter Plug BLE 400  20.31          ⨯ 
Sonoff S3  art ocket IEEE 802.11b/g/n 3520 14.54  ⨯       ✓ ⨯ 
TP-Link HS110 IEEE 802.11b/g/n 1800 32.90         
TP-Link RE370K IEEE 
802.11ac/n/g/b 
3840 62.48        
Wemo Insight Smart Plug IEEE 802.11/n  180  30.91        ✓  
Xiaom Mi Smart Socket 
Plug 
IEEE 802.11b/g/n 2200 18.37     ✓   ⨯ 
×
Revogi Smart Meter Plug BL 4000 2 .31 × × × × × × ×
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nd a Ci cui or CVM-1D e e gy a alyzer, that r pr e m e th  60% of h  price. For  comm r ial
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only an enabler while the smartness and intelligence are in the smart home managem nt sy tem. If 
smart plugs were t uly smart and intelli ent, new busi ess odels, opportunities and f atures could 
appear on the ma ket and in the op n sour c mmunity. 
Table 1. Overview of Market Smart lugs nd EnAPlug. 


















































































ANKU O NE  RO 
SW3101M  . / /    2. 5 
     
Bro dLink Smart plug SP3 IEEE 802.11b/g/n 36  4.90  ✓          
D-Link DSP-W2 5  I  . n 18  36.12           
DIMAX P-2101W V2 . / /  368 * 56 8
Elgat - v ergy  2 0 * 49 99
F baro all Plug Z-Wave 25 58 8  
Fibaro Wall Plug (BLE) BLE 2500 75.13 ✓   ⨯        
iDevices SWITCH I  802.11b/g/n and BL 8 0 3 74
 
iSocket vironment ro GSM 40 143.20     
Koogeek P1 Plug I  802.11b/g/n 1800 22.07 ⨯ ✓      ✓   ⨯ 
ORVIBO Smart WiFi 
eter Plug 3  
2 ⨯ ⨯
Rev gi S art Meter Plug BLE 400  20.31  ⨯  ⨯     ✓ ⨯  
onoff S31 art ocket IEEE 802.11b/g/n 52 14 54 ✓  ✓ ✓ 
TP-Link HS110 IEEE 802.11b/g/n 1800 32.90 ⨯ ✓ ⨯ ✓ ✓ ✓ ✓ ✓  ✓ ⨯ 
TP-Link RE370K IEEE 
802.11ac/n/g/b 
3840 62.48 ⨯  ⨯ ✓ ⨯ ⨯ ⨯ ✓ ⨯ ✓ ⨯ 
Wemo Insight Smart Plug IEEE 802.11/n  1800 30.91  ✓          
Xiaomi Mi Smart Socket 
Plug 
IEEE 802.11b/g/n 2200 18.37 ⨯ ⨯ ⨯ ✓ ⨯ ✓ ⨯ ✓ ⨯ ⨯ ⨯ 
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a d Ci c ito  CVM-1D en r y analyzer, hat r t m e tha  60% of he price. For  comm rcial
versi , the e o c p ent  shoul  be repl ced r li nated.
It s w rth ot g h t Tabl  1 exclu es t ly sm t p ugs without m oring fu c s but
als  sm rt plugs with toring whose fun tionali i nd c pabilities t we l descr ed (i.e.
wh  a sig fica t lack o  information was ide tified, t e smart plug was ot included in Table 1). 
2.2. Problems a d Lim t tion  
The c ven al s art plugs pres nted n Table 1 ar  no  tru y s  in a y spect. For instance, 
h ma t plugs are enablers for retrof ting ele trical esources but d  not possess any smartne s n 
their c re. The a thors c uld not find  stan ard ef niti n of s rt plugs, but the survey ndicate  
the f llowing def iti : a mart plug i a  electronic devic f el trical tlet in tall tion h  can 
control an el t c resource a d is able to co municat , also, it , or ay n t, have the ability of 
ene gy o toring.
T e a pl cati of smart lug  enables th ncept of smart homes. However, a mart plug is 
only a  enabler while the sm rtness and intellig nc ar  in the smart ho e managem nt sy tem. If 
smart pl s were t uly sm rt and intelli t, n w busin ss mo els, op ortunities and f at res c uld 
appear on the ma ket and in the open sour com unity. 



















































































ANKUOO NEO RO 
SW3101M IEEE 80 .11b/g/n 3680 * 32.15 
⨯      
BroadLink t pl  S 3 IEEE 802.11b/g/n 3600 24.90 ⨯ ✓   ✓     
D-Link DSP-W2 5  IEEE 802.11n 18  36.12 ✓ ✓       
EDIMAX P-2 01W V2 I 802.11 / /  368 * 56 8
lg t - v nergy BLE 2 0 * 49 99
F baro l Plug Z-Wave 5 58 78  
Fibaro a l Plug (BLE) BLE 2500 75.13    ⨯    ✓  
iD vices SW TCH I  802.11 / /  and BL  1800 23.74
       
i ocket vironment Pro GSM 40 143.20      
Koogeek 1 Plug I  802.11b/g/n 1800 22.07 ⨯  ✓    ⨯   
ORVIBO Smart WiFi 
Meter Plug 31 
IEEE 802.1 b/g/n 1800 21.20 ✓     
Rev gi rt Meter Plug BLE 4000 2 .31         
o off S 1 Smart Socket IEEE 802.11b/g/n 3520 14.54 ⨯ ✓ ⨯       ✓ ⨯ 
TP-Link HS110 IEEE 802.11b/g/n 1800 32.90      ✓ ✓  
TP-Link RE370K IEEE 
802.11ac/n/g/b 
3840 62.48 ⨯  ⨯    ⨯  ⨯  ⨯ 
Wemo Insight Smart Plug IEEE 802.11/n  1800 30.91 ✓       ✓  
Xiaom Mi Smart Socket 
Plug 
IEEE 802.11b/g/n 2200 18.37 ⨯ ✓ ⨯ ✓ ⨯ ✓   ⨯ 
× ×
Sonoff S3 Smart Socket IEEE 802.11b/g/n 35 0 14.54 ×
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a d a Circui o  CVM-1D ene g  a alyzer, t t pre ent mo e ha  60% of t e price. F r co ercial 
version, these wo pon nts s ould be repla ed r elim ate .
It is worth noting hat Table 1 xclude  o ly s witho t i o ng fu s b t 
also smart plugs with m it ring whose fun tionaliti  and c pabilit es e ot well descr bed (i.e. 
wh  a sign ficant lack f infor atio  was identified, th  smart plug was o include  Table 1). 
2.2. Problems and Limitatio s 
The conventional smart plugs presente  in Table 1 are not truly s rt in any asp ct. For instance, 
the s art plugs are enablers for etrofitting electrical reso rces but do not possess ny smartn ss in 
their core. The a thors coul  not find a standard definition of s a t plugs, but the survey indicate  
the following definition: a s art plug is an electronic device for electrical outlets installation that can
control an electric resource and is able to communica e, also, it m y, or y not, h ve the ability of 
energy monitoring. 
The application of smart plugs enables the concept of smart homes. However, a ma t plug i  
only an enable  while the smart ess and inte li ence are in the smart home management system. If 
smart plugs were truly smart an  intelligent, new business models, op ortunitie  and f at res could 
appear on the market and in the open source community. 



















































































ANKUOO NEO PRO 
SW3101M  . / /   32 15
⨯
BroadLink mart plug SP3  . / /  0 24.90 ⨯ ✓ ⨯ ⨯ ⨯  ⨯ ✓ ✓ ✓ ⨯ 
D-Link SP- 215  IEE  802.11n 36 12 ✓ ✓
EDI AX S -2101W V2 IEEE 802. 1b/g/n 368 * 6 82 ✓ ⨯
Elg t -Ev E ergy  * 49 99
Fibaro Wall Plug Z-Wave 25 58 78 ⨯ ⨯
Fibaro Wall Plug (BLE) BLE 2500 75.13     ⨯ ✓ ⨯ ✓ ✓ ✓ ⨯ 
iDevices SW TCH IEEE 802.11b/g/n and BL  1800 23.74
 ⨯ ✓  ✓ ⨯  ⨯ ✓ ⨯ ⨯ ⨯ 
iSocket Environment Pro GSM 4000 143.20 ⨯  ⨯  ⨯ ⨯ ⨯  ⨯   
Koogeek P1 Plug IEEE 802.11b/g/n 1800 22.07 ⨯ ✓ ✓ ✓ ⨯ ⨯ ⨯ ✓ ⨯ ✓ ⨯ 
ORVIBO Smart WiFi 
Meter Plug 31 
I  . / /   21.2       ⨯ ⨯    
Revogi Smart Meter Plug BLE 40  2 .31     
Sonoff S31 Smart Socket IEEE 802.11b/g/n 3520 14.54 ⨯ ✓ ⨯ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ⨯ 
TP-Link HS110 IEEE 802.11b/g/n 1800 32.90 ⨯ ✓ ⨯ ✓ ✓ ✓ ✓ ✓ ⨯ ✓ ⨯ 
TP-Link RE370K IEEE 
802.11ac/n/g/b 
3840 62.48 ⨯ ✓ ⨯ ✓ ⨯ ⨯ ⨯ ✓ ⨯ ✓ ⨯ 
Wemo Insight Smart Plug IEEE 802.11/n  1800 30.91 ⨯ ✓ ⨯ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ⨯ 
Xiaomi Mi Smart Socket 
Plug 
IEEE 802.11b/g/n 2200 18.37 ⨯ ⨯ ⨯ ✓ ⨯ ✓ ⨯ ✓ ⨯ ⨯ ⨯ 
×
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and a Circuito  CVM-1D en gy analyzer, that p sen  more ha  60% of e price. For c mercial 
version, the e o on t  s oul  be replace  r elimi ate .
It s w rth oting that Table 1 xcludes not o ly s a t p ugs w tho t mo i o ng fu tion  bu  
also smart plugs ith mo it ring whose fun ion litie  and c p bil ies r no we l descr b d (i.e. 
whe  a sign fi ant l ck f inf rm ti  was identifie , th s a p w s not include  in Table 1). 
2.2. P oblems and Limit tions 
The conventional s art plugs presented in Table 1 a e not truly s rt in a y asp ct. For i stance, 
the smart plugs ar  enablers for etrofitting lectrical r o ces b t d  not posse s any smartness in 
their core. The a thors c uld not find a standard definition of s art plugs, b t the survey indicates 
the follow g definition: a s art plug is an electronic devic  for electrical outlets ins al ation that can
co trol an el ctric r source nd is able to co un cat , also, it may, r ay ot, h ve the ability of 
energy onitoring. 
The application of smart plugs enables the concept of smart homes. However, a smart plug i  
o ly an en bl r while he smartness and intellig ce are in the smart home anagement sy tem. If
smart plugs were truly smart and intelligent, new usiness models, opportu ities and f at res could 
appear on th  market and in the pen s urce community. 
Table 1. Overview of Market Smart Plugs and EnAPlug. 


















































































ANKU O NEO PRO 
SW3101M E . / /   32 15
BroadLink Smart plug SP3 IEEE 802.1 b/g/n 3600 4.90 ✓  ⨯   ⨯    ⨯ 
D-Link DSP-W215  I EE 802.11n 36 12  
EDIMAX P-2101W 2 I  802.11 / /  368  * 56.82 ✓          
lgato-Eve E ergy  BLE 2500 * 49.99 ⨯         
Fibaro Wall Plug Z- ave 2500 58.78   ⨯        
Fibaro Wall Plug (BLE) BLE 2500 75.13   ✓         
iDevices SWITCH IEEE 802.11b/g/n and BL  1800 23.74
 ⨯   ✓  ⨯  ✓   ⨯ 
iSocket Environment Pro GSM 4000 143.20      ⨯   ⨯  ✓ 
Koogeek P1 Plug IEEE 802.11b/g/n 1800 22.07 ⨯  ✓ ✓  ⨯    ✓ ⨯ 
RVIBO Smart WiFi 
Meter Plug 31 
I  . / /   21.2      ⨯      
Revogi Sma t Meter Plug BLE 400  20.31            
Sonoff S31 Smart Socket IEEE 802.11b/g/n 3520 14.54   ⨯      ✓ ✓ ⨯ 
TP-Link HS110 IEEE 802.11b/g/n 1800 32.90   ⨯    ✓   ✓ ⨯ 
TP-Link RE370K IEEE 
802.11ac/n/g/b
3840 62.48    ✓  ⨯    ✓ ⨯ 
Wemo Insight Smart Plug IEEE 802.11/n  180  30.91   ⨯      ✓ ✓ ⨯ 
Xiaomi Mi Smart Socket 
Plug 
IEEE 802.11b/g/n 2200 18.37  ⨯      ✓  ⨯ ⨯ 
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ANKUO  NEO PRO 
SW3101M IEEE 802.11b/g n 3680 * 3 .15
⨯ ⨯  ⨯ ✓ ⨯  ✓ ⨯ 
BroadLink mart plug P3 IEEE 802.11b/g/n 3600 24.90 ⨯ ✓   ⨯  ⨯    ⨯ 
D-Link DSP-W2 5  I EE 802.11n 1800 36.12 ⨯      ✓  
EDIMAX P-2101W 2 IEEE 802.11b/g/n 3680 * 56.82 ⨯ ✓  ✓    
lg t -Eve E e gy  2 00 * 49.99    ⨯ ⨯     
Fibaro Wa l lug Z-Wave 5 0 58.78    ⨯  ⨯   ✓ ⨯ 
Fibaro Wa l lug ( ) BLE 2500 75.13 ✓ ✓  ⨯ ✓ ⨯   ✓  
iD vices SWITCH IEEE 802.11b/g/n and BL  1800 23.74
 ⨯  ✓  ⨯ ⨯    ⨯ 
i cket Environ e t Pro GSM 000 143.20 ⨯ ⨯ ⨯  ⨯ ⨯   ⨯ ✓ 
Koogeek 1 Plug IEEE 802.11b/g/n 1800 22.07 ⨯  ✓  ⨯ ⨯ ✓ ⨯ ✓ ⨯ 
ORVIBO Smart WiFi 
eter Plug 31 
IEEE 802.11b/g/n 800 2 .20 ✓ ⨯ ⨯  ⨯   ✓ ⨯ 
Revogi Smart Meter Plug BLE 40 0 20.31 ⨯ ⨯ ⨯  ⨯    ⨯ 
onoff 31 Smart Socket IEEE 802.11b/g/n 3520 14.54 ⨯ ✓ ⨯ ✓ ✓ ✓ ✓   ✓ ⨯ 
TP-Link HS110 IEEE 802.11b/g/n 1800 32.90 ⨯ ✓ ⨯ ✓ ✓  ✓ ✓ ⨯ ✓ ⨯ 
TP-Link RE370K IEEE 
802.11ac/n/g/b 
3840 62.48 ⨯ ✓ ⨯ ✓  ⨯ ⨯ ✓ ⨯ ✓ ⨯ 
Wemo Insight S art Plug IEEE 802.11/n  1800 30.91 ⨯ ✓ ⨯ ✓ ✓ ✓ ✓   ✓ ⨯ 
Xiaom Mi Smart Socket 
Plug 
IEEE 802.11b/g/n 2200 18.37 ⨯ ⨯ ✓ ⨯ ✓ ⨯ ✓   ⨯ 
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a d a Ci cuit CVM-1D n rgy an lyz r, tha presen  mo e ha  60% of e pric . For a co m rcial
version, the e t mp t  shoul  b  repl c d or elimi a e .
It s w rth t ng h t Tabl  1 xc udes not ly s a pl gs wi h ut n to ng fu ctions but
al o s rt plug with mon t ring whos fu c on lit s d capabi ies r t we l de cri ed (i.e.
whe   s g fi a t l ck  i form o  w s ident fie , th  s a p  was ot i cluded in Table 1). 
2.2. Proble s n  Limitatio  
The co ventional smart plugs pres nted in Table 1 a  not truly mart in a y asp ct. For instance, 
the smart plugs a  nablers for re ofitting ele trical r o c s but d  ot p sse s any smartness in 
their c e. The a thors c uld ot fin   stan ard def niti n of sma t pl gs, b t the survey ndicate  
the follow g def nition: a smart plug is an el ctronic devic for le tric l outlet  ins llation h t can 
o trol an el t ic r source nd is able to com unic te, lso, it may, r ay ot, h v  the ab lity of 
energy on toring. 
The appl cati n of smart plugs e ables the onc pt of smart homes. However, a smart plug is 
only a  en bl  while he smartness and intellig c  are in the smart ho e anagement sy tem. If 
smart plugs were t uly s rt and intellige t, new usiness odels, opportu iti s and f at res could 
appear on th  market and in the pen s urce community. 
Table 1. Ov rview of Market Smart s and EnAPlug. 


















































































ANKU O NEO PRO 
SW3101M  802. 1b/g/n 68  * 32.15
⨯   ✓    
BroadLink rt plug SP3 60 90  ⨯
-Link SP-W215  n 6 12
EDIMAX SP-2101W V2 I  802.11b/g/n 368 * 56 82
lgato-Ev E ergy  2 0 * 49 99 ✓
Fibaro Wa l Plug Z-Wave 25 58 78 ✓ ⨯
Fibaro Wa l lug (BLE) BLE 2500 75.13  ✓       
iD vices SW TCH I  802.11 / /  and BL  1800 23.74
 ⨯  ✓   ⨯ ✓   ⨯ 
iSocket Environme t Pro GSM 4000 143.20        ⨯  
Koogeek 1 Plug IEEE 802.11b/g/n 1800 22.07 ⨯  ✓   ⨯  ✓ ⨯ 
RVIBO Smart WiFi 
Meter Plug 31 
IEEE 802.11b/g/n 1800 21.20 ✓    ⨯ ⨯     
R vogi Sma t Meter Plug BLE 400  2 .31   ⨯  ⨯     
Sonoff S31 Smart ocket IEEE 802.11b/g/n 3520 14.54 ✓        ⨯ 
TP-Link HS110 IEEE 802.11b/g/n 1800 32.90 ✓ ⨯      ✓ ⨯ 
TP-Link RE370K IEEE 
802.11ac/n/g/b 
3840 62.48 ⨯  ⨯ ✓   ⨯  ✓ ⨯ 
Wemo Insight S art Plug IEEE 802.11/n  180  30.91 ✓ ⨯       ✓ ⨯ 
Xiaom Mi Smart Socket 
Plug 
IEEE 802.11b/g/n 2200 18.37   ⨯ ✓ ⨯  ⨯ ✓   ⨯ 
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a d a Circui o CVM-1D en gy analyze , that prese  o e tha  60% of he p ic . Fo  commercial 
version, these  co pone ts should be eplaced or eli ated.
It s w rt  ti g ha T bl  1 xclud s ot o y s a p gs with ut ori g f nc  bu  
also s r plugs ith t ing whose fu ion l ie and cap bi i  a e not w ll descr bed (i.e. 
wh a s gn fi a t lack f m t on was ident fie , th  s a p  was ot i clud d in Table 1). 
2.2. Problems d Limitation  
The co ventional smart plugs pres nte in Table 1 a e not ruly s art in any asp ct. For insta ce, 
the s art plugs ar  enablers for ret ofitting le t ical r c s but d  n t pos e s any smart e s in 
thei  core. The a thors c ul  n t find  sta ard ef niti n of s rt plugs, b t the survey n icate  
the f llow g def nition: a sma t p ug is an electronic evic for ele trical utle ins llation h t can 
o trol an el t ic r sour e nd is abl  to communic e, als , it m y, or y n t, h v  the ab lity of 
energy mon t ring. 
The appl cati n of smart plugs nables the oncept f smart ho es. However, a art plug is 
nly a  en bl r hile he s art ess and intellig c are in the smart home anag nt system. If 
smart pl s were uly sm rt and i tellige t, n w usiness dels, op ortu iti  and f at res could 
appe r on h  market and in the pen s urce com u ity. 



















































































ANKU  NEO RO 
SW3101M IEEE 802.11b/g/n 3680 * 32.15
  ✓ ⨯   
BroadLink mart plug P3 IEEE 802.11b/g/n 3600 24.90 ⨯ ✓     ⨯    ⨯ 
-Link DSP- 2 5  IEEE 802.11n 18  36.12      
EDI AX P-2101W V2 I  802.11 / /  3680 * 56.82   ✓    
lgat -Ev  ergy  2500 * 49.99     
F baro Wa l Plug Z-Wave 2500 58.78    ⨯ 
Fibaro Wa l lug ( ) BLE 2500 75.13    ✓ ⨯   ✓  
iD vices SWITCH IEEE 802.11b/g/n and BL  1800 23.74
 ⨯     ⨯ ✓   ⨯ 
iS cket nvironme t Pro GSM 000 143.20     ⨯ ⨯   ⨯  
Koogeek 1 Plug IEEE 802.11b/g/n 1800 22.07 ⨯  ✓    ✓ ⨯ 
RVIBO Smart WiFi 
Meter Plug 31 
IEEE 802.11b/g/n 800 2 .20 ✓ ⨯    ⨯   ✓ ⨯ 
Revogi Sma t Meter Plug BLE 400  2 .31         
onoff 31 Smart ocket IEEE 802.1 b/g/n 3520 14.54  ⨯        ⨯ 
TP-Link HS110 IEEE 802.11b/g/n 1800 32.90  ⨯ ✓   ✓  ✓ ⨯ 
TP-Link RE370K IEEE 
802.11ac/n/g/b 
3840 62.48  ⨯ ✓    ✓ ⨯ 
Wemo Insight S art Plug IEEE 802.11/n  180  30.91  ⨯   ✓ ✓   ✓ ⨯ 
Xiaom Mi Smart Socket 
Plug 
IEEE 802.1 b/g/n 2200 18.37    ⨯ ✓   ⨯ 
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d a Ci cui CVM-1D n gy a lyz r, hat prese  o e tha 60% f he pric . Fo  comm rcial
v rsio , hese t o c mp ts shoul  b  epl c d or elim na e . 
I  is w rt ot ng h t Tabl  1 xclud s ot y s ar p gs wi h ut m n to i g f nc s but
al o sm plug with t ri g whos fu ion lit s nd capabil ies a e t w ll de cri ed (i.e.
wh  a s g f  l ck o  i f rm n w s identified, th  s a p was ot inc d d in Table 1). 
2.2. Proble   Limitatio  
The co ventional s a t plugs pres nted in Table 1 a e not ruly mart in a y aspect. For i stance, 
the smart plugs a  nab rs for re fitting le t ical r o ces but d  ot pos e s any smartness in 
their c e. The a thors c uld ot f n   sta ard def niti n of a t pl gs, but the survey n icate  
the follow g def nition: a s art p ug is an onic devic for tric l outlet ins l ation h t can 
trol an el t ic r s urce d is ab  to commu ic te, ls , it may, r ma not, h v  the ability of 
energy mon toring. 
The appl cati n of smart plugs ables t e onc pt f smart ho es. However, a art plug i  
o ly a  en bl hile he s art ess and intellig c are in the smart home anage nt sy tem. If 
smart plugs wer  uly sm rt and i tellige t, new business dels, opportu ities a d f at res could 
appear on h  market and in the pen s urce commu ity. 
T bl 1. Ov rvi w of Market Smart s and EnAPl g.
S a  Plug 
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Protocol 















































































ANKU  NEO PRO 
W3101M  . / /   32 15
BroadLink r plug SP3 0 90 ⨯ ⨯
D-Link DSP-W 5  n 6 12
DI AX S -210 W V2 I  802.11b/g/n 368 * 6 82
lg t -Ev E ergy 0 * 49 99
ibaro a l l g Z-Wave 25 58 78
Fibaro Wa l Plug ( ) BLE 2500 75.13  ✓       
iD vices SW TCH I  802.11 / /  and BL 1800 23.74
 ⨯     ⨯ ✓   ⨯ 
iS cket Environ ent ro GSM 000 143.20      ⨯    
Koogeek 1 Plug IEEE 802.11b/g/n 1800 22.07 ⨯  ✓  ⨯ ⨯  ✓ ⨯ 
RVIBO Smart WiFi 
eter Plug 1 
 . / /   21.2        ⨯    
R vogi Sma t Meter Plug BLE 40  2 .31     
onoff 31 Smart Socket I  802.11 / /  3520 14.54          
TP-Link HS110 802.11b/g/n 1800 32.90 ✓ ⨯ ✓ ✓  ✓  ✓ ⨯ 
TP-Link RE370K IEEE 
802.11ac/n/g/b 
3840 62.48  ⨯ ✓  ⨯ ⨯  ✓ ⨯ 
Wemo ns ght S art Plug IEEE 802.1 /n  180  30.91 ✓ ⨯ ✓   ✓   ✓ ⨯ 
Xiaom Mi Smart Socket 
Plug 
IEEE 802.11b/g/n 2200 18.37 ⨯ ✓  ⨯ ✓   ⨯ 
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al o s r plugs ith toring hos fu on li nd capabili i t w l de cr ed (i.e.
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2.2. P obl ms and Limitatio  
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thei  c e. The a thors c uld t fin   st ard def niti n f s a t pl gs, but the survey n icate  
the f llow def nition: a sma t p ug is an el tronic devic for l trical utle inst llation h t can 
o trol an el t ic r s ur e nd is ab  to com unic te, als , it m y, r y not, have the ability of 
energy mon t ring. 
The appl c ti n of smart lugs bles th  oncept f s art ho es. However, a mart plug is 
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ANKU  NEO RO 
SW3101M IEEE 80 .11b/g/n 3680 * 32.15
  ✓ ⨯ ✓  
Bro dLink mart plug SP3  . / /  0  24.90 ⨯    ⨯    ⨯ 
-Link DSP-W2 5  IEEE 80 .11n 18  36.12       
ED MAX S -2101W V2 IEEE 80 .11b/g/n 368  * 6.82 ⨯        
lg t - v  nergy  00 * 49.99    
baro Wa l l g Z-Wave 5 0 58.78  ⨯     
Fibaro Wa l Plug ( ) BLE 2500 75.13  ✓  ✓ ⨯   ✓  
iD vices SWITCH I  802.11 / /  and BL 1800 23.74
 ⨯  ✓   ⨯ ✓   ⨯ 
i cket viron ent ro GSM 000 143.20      ⨯    
Koogeek 1 Plug IEEE 8 2.11b/g/n 1800 22.07 ⨯  ✓   ⨯  ✓ ⨯ 
RVIBO Smart WiFi 
Meter Plug 31 
IEEE 802.11b/g/n 800 21.20 ✓ ⨯    ⨯   ✓ ⨯ 
R vogi ma t Meter Plug BLE 40  20.31   
o off 31 Smart Socket I  802.1 / /  3520 14.54 ✓ ⨯        ⨯ 
TP-Link HS1 0 802.11b/g/n 1800 32.90  ⨯    ✓  ✓ ⨯ 
TP-Link RE370K IEEE 
802.11ac /g/b 
3840 62.48  ⨯ ✓   ⨯  ✓ ⨯ 
Wemo Ins gh mar Plug IEEE 802.11/n  180  30.91 ✓ ⨯    ✓   ✓ ⨯ 
Xiaom Mi Smart Socket 
Plug 
IEEE 802.1 b/g/n 2200 18.37 ⨯ ⨯ ✓  ⨯ ✓   ⨯ 
Sensors 2018, 18, x FO  PE R REVIEW  3 of 16 
 
d a C cuito CVM-1D e gy a alyz , hat prese mo e han 60% f he p ic . Fo  comm rcial
v rsio , hes w c p n ts sh ul  b  epl c d or eli inated.
I  w rt ot g h t T bl  1 xclud s no y s ar  p gs wi h ut mo ori g f ctions but
lso s plugs ith o ing hose fu cti n lit nd c pabili are t w ll d cr ed (i.e.
whe a s g fi a t lack for w s identifie , the sm r p was ot includ d in Table 1). 
2.2. Problem   Limitatio  
The co ventional sma t plugs pres nted in T bl 1 a  not uly art in ny aspect. For i sta ce, 
the sma t plugs a  nab s for re fitting le t ical r o rces but d  ot pos s any smartness in 
thei  c e. The a thors c uld ot f n   sta ard def niti n of a t pl gs, but the survey ndicates 
the f llow g def ni i : a sma t p ug is an onic devic for trical utle inst l ation h t can 
t ol an el t ic r s ur e d i ab  to com unic t , ls , it m y, r not, hav  the ability of 
energy on toring. 
The appl cati n of smart plugs ables t e oncept f s art home . However, a smart plug is 
ly a  en l wh le th smart ess an  intellig nc re in the smart ho e manage ent sy tem. If 
smart pl s er ruly sm rt and i t lige t, n w bu iness m del , op ortunities and feat res could 
app r o  h  market and in the pen s urce commu ity. 
T bl 1. Ov rvi w of Market Smart s and EnAPl g. 


















































































ANKU  NEO PRO 
W3101M  . / /    32.15
  ⨯      ✓  
BroadLink r plug SP3 0 2 90 ⨯ ⨯
-Link DSP-W 5  n 6 12
DIMAX S -210 W V2 I  802.11b/g/n 368  * 6.82       
lgat -Eve Energy 00 * 49.99      
Fibaro Wa l Plug Z-Wave 2500 58.78     ⨯  ⨯     
Fibaro Wa l Plug ( ) BLE 2500 75.13  ✓ ⨯    ✓  
iD vices SWITCH I  802.11 / /  and BLE 1800 23.74
 ⨯  ✓   ⨯ ✓   ⨯ 
iS cket E viron ent ro GSM 000 143.20   ⨯   ⨯   ✓ 
Koogeek  Plug IEEE 802.11b/g/n 1800 22.07 ⨯  ✓   ⨯  ✓ ⨯ 
RVIBO Smart WiFi 
eter Plug 31 
I  . / /   21.2    ⨯      
R vogi a t Meter Plug BLE 40  20.31   
o off 3  Smart Socket IEEE 802.1 b/g/n 3520 14.54  ⨯       ✓ ⨯ 
TP-Link HS110 IEEE 802.11b/g/n 1800 32.90  ⨯ ✓   ✓  ✓ ⨯ 
TP-Link RE370K IEEE 
802. 1ac /g/b 
3840 62.48  ⨯ ✓   ⨯  ✓ ⨯ 
Wemo nsigh mar Plug IEEE 802.1 /n  180  30.91  ⨯ ✓   ✓   ✓ ⨯ 
Xiaom Mi Smart Socket 
Plug 
IEEE 802.1 b/g/n 2200 18.37  ⨯ ✓  ⨯ ✓   ⨯ 
×
TP-Link HS110 IEEE 802.11b/g/n 1800 32.90 ×
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a d a Circuitor CVM-1D ene g  a alyzer, at epr sent or  tha  60% f e price. For a co erc al
version, thes two co onents should b  epl ce  or limi ated.
It is worth ting h t T ble 1 exclud  not y art plugs wi ho t o itoring function but
also smart plugs ith monito ing whos  fu c onaliti s and capabilit es a  not w ll de cribed (i.e.
when a signific n  lack f inform tio  as ide tifie , th  s a p w s o include i T ble 1). 
2.2. Problems and Limitation  
The conventional smart plugs p sented in Ta le 1 ar  not truly s rt i  any asp ct. For in t c ,
the sm rt plugs e enable s for tr fitting elect ical resou ces but do not possess any smartne s i  
their core. The a thors could not find a standard definition of sma t plugs, but the survey indicates 
the following definition: a s art plug is an electronic device for electrical outlets installation that can 
control an electric resource and is able to co municate, also, it may, or may not, have the ability of 
energy monitoring. 
The application of smart plugs enables the concept of smart homes. However, a smart plug is 
only an en ble  while he smart ess and inte li e ce ar in the sm rt ho e anagem t system. If
smart plugs were truly s art and intelligent, new business models, op ortunities a d feat res could 
appear on the market and in the open source community. 



















































































ANKUOO NEO RO 
SW3101M IEEE 802.11b/g/n 3680 * 32.15 
⨯ ⨯ ⨯ ⨯ ⨯  ⨯ ✓ ⨯ ✓ ⨯ 
Bro dLink Sma t plug SP3 I  802.11b/g/n 36 24 0    
D-Link DSP-W2 5  I  802. 1n 18 36 12    
DIMAX S -2101W V2 IEEE 802. 1b/g/n 3680 * 56 82 ✓   
Elgat -Eve Energy  BLE 250 * 49.99     
baro all l g Z-Wave 2500 58.78     
Fibaro Wall Plug (BLE) 25 75 13      ✓    
iDevices SWITCH EEE 802.11b g n and BL  1800 23.74
 ⨯ ✓  ✓ ⨯  ⨯ ✓ ⨯ ⨯ ⨯ 
iSocket Environment Pro GSM 4000 143.20    ⨯       ✓ 
Koogeek P1 Plug IEEE 802.1 b/g/ 180  22.07 ⨯ ✓ ✓ ✓ ⨯ ⨯ ⨯ ✓ ⨯ ✓ ⨯ 
ORVIBO Smart WiFi 
Meter Plug  
 802.11b/g/n 180  21.20 ⨯ ✓ ⨯ ⨯ ⨯ ⨯ ⨯ ✓ ✓ ✓ ⨯ 
Revogi mart Meter Plug BLE 4000 20.31  ⨯  ⨯  ⨯ ⨯   ⨯  
Sonoff S31 Smart ocket I  802.11 / /  3520 14.54            
TP-Link HS110 802.11b/g/n 1800 32.90 ⨯ ✓ ⨯ ✓ ✓ ✓ ✓ ✓ ⨯ ✓ ⨯ 
TP-Link RE370K 
802.11ac/n/g/b
3840 62.48 ⨯ ✓ ⨯ ✓ ⨯ ⨯ ⨯ ✓ ⨯ ✓ ⨯ 
Wemo Ins ght S art Plug IEEE 802.11/n  1800 30.91 ⨯ ✓ ⨯ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ⨯ 
Xiaomi Mi Smart Socket 
Plug 
IEEE 802.11b/g/n 2200 18.37 ⨯ ⨯ ⨯ ✓ ⨯ ✓ ⨯ ✓ ⨯ ⨯ ⨯ 
×
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a d a Circui or CVM-1D energy analyzer, hat repr sen  or  tha  60% of t e ric . F r a co merc l 
version, th s t o co e ts hould b  replac or eli i ated.
It is w rth oting th t Tabl 1 xclud  not o y ar  pl gs witho t monitoring fu ction bu
lso smart plugs ith moni oring whose function l i  and cap bilit e  a e not well d cr b d (i.e.
whe  a signifi n l ck of i f rm i n was ident ied, th  s a p w s o i cl de  in T ble 1). 
2.2. P obl ms and Limitatio s 
Th conventiona smart plugs pr sented in Ta  1 a  ot truly sm rt n any as c . F r i t ce,
the smart plugs  enablers fo r fitti g lec rical r o c s b t d  not posse s any smartne s in 
their core. The authors c uld not find a standard definition of s a t plugs, but the survey indicates 
the follow g definition: a smart plug is an electronic devic  for electrical outlets ins al ation that can 
co trol an el ctric r source nd is able to co mu cat , also, it may, r ay not, h ve the ability of 
energy onitoring. 
The application of smart plugs enables the concept of smart ho es. However, a smart plug is 
o ly an en bl  hile he smartness and in e lig nce ar  in the sm rt ho e anagement system. If
smart plugs were truly s art and intelligent, new business models, op ortunities a d f at res could 
appear on th  market and in the pen s urce community. 



















































































ANKU O NEO RO 
SW3101M IEEE 802.11b/g/n 3680 * 32.15
   ⨯      ✓ ⨯ 
BroadLink Smart plu  SP3 I 802.11b/g/n 3600 24.90       ⨯     
-Link DSP-W215  IEEE 802.11n 180  36.12            
DIMAX SP-2101W 2 IEEE 802.11b/g/n 3680 * 56.82 ⨯ ✓ ⨯ ⨯  ✓    ⨯ 
lg to-Eve E ergy  BLE 2 0  * 49.99      
baro all l g Z-Wave 5 0 58.78      
Fib o Wall Plug (BLE) 25 75 13   ✓    ✓  
iDevices SWITCH EEE 802.11b g n and BL 1800 23.74
 ⨯  ✓   ⨯  ✓  ⨯ ⨯ 
i ocket Environment Pro GSM 4000 143.20            
Koogeek P1 Plug IEEE 802.11b/g/n 800 22.07 ⨯  ✓ ✓  ⨯    ✓ ⨯ 
RVIBO Smart WiFi 
Meter Plug 1 
 802.11b/g/n 800 21.20  ✓    ⨯ ⨯  ✓ ✓ ⨯ 
Revogi ma t Meter Plug BLE 400  20.31      ⨯ ⨯   ⨯  
Sonoff S31 Smart ocket I  802.11 / /  3520 14.54            
TP-Link HS110 802.11b/g/n 1800 32.90   ⨯    ✓   ✓ ⨯ 
TP-Link RE370K IEEE 
802. 1ac/n/g/b
3840 62.48    ✓  ⨯    ✓ ⨯ 
Wemo Ins ght S art Plug IEEE 802.11/n  180  30.91   ⨯      ✓ ✓ ⨯ 
Xiaomi Mi Smart Socket 
Plug 
IEEE 802.11b/g/n 2200 18.37  ⨯      ✓  ⨯ ⨯ 
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and a Ci cuitor CVM-1D ner y analyzer, hat pr se t or  tha  60% f t e pric . F  a co merci l 
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It s w rt oti g hat Tabl  1 xc udes not o y s ar  p gs with ut n to i g f ctions but 
so mar  plugs ith mon ori g hose functionaliti  and capabili ie  are not w ll d cr bed (i.e. 
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the follow ng def nition: a smart p ug is an electronic evice for ele trical utlet  inst llation h t can 
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The appl cati n of smart plugs nables the oncept f s art ho es. However, a art plug is 
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ANKUO  NEO RO 
W3101M IEEE 802.11b/g n 3680 * 32.15 
⨯ ⨯  ⨯ ⨯ ✓ ⨯ ✓ ⨯ ✓ ⨯ 
BroadLink Sm t plu SP3 I 802.11b/g/n 3600 24.90  ⨯   ⨯    ⨯ 
D-Link DSP-W215  I  802.11n 1800 36.12    ✓     
DI AX P-2101W 2 I EE 802.11b/g/n 368  * 56.82     ✓   ⨯ 
lgato-Eve Energy BLE 2500 * 49.99          
ibaro a l l g Z-Wave 2500 58.78      
Fib o Wa  lu  ( ) BLE 250  75.13 ✓ ⨯ ✓ ⨯ ✓ ⨯   ✓ ⨯ 
iD vices SWITCH IEEE 802.11b/g/n and BL  1800 23.74
 ⨯  ✓  ⨯ ⨯ ✓   ⨯ 
iS cket Environ e t Pro GSM 000 143.20        
Koogeek 1 Plug IEEE 802.11b/g/n 1800 22.07 ⨯  ✓  ⨯ ⨯ ✓ ⨯ ✓ ⨯ 
ORVIBO Smart WiFi 
Meter Plug 31
IEEE 802.11b/g/n 80  21.20 ⨯ ✓ ⨯ ⨯   ⨯   ✓ ⨯ 
Revogi art Meter Plug BLE 4000 20.31  ⨯   ⨯     
o off 31 Smart ocket I  802.11 / /  3520 14.54          
TP-Link HS110 802.11b/g/n 1800 32.90 ⨯ ✓ ⨯ ✓ ✓  ✓ ✓ ⨯ ✓ ⨯ 
TP-Link RE370K IEEE 
802.11ac /g/b
3840 62.48 ⨯ ✓ ⨯ ✓  ⨯ ⨯ ✓ ⨯ ✓ ⨯ 
Wemo Ins gh ar Plug IEEE 802.11/n  1800 30.91 ⨯ ✓ ⨯ ✓ ✓ ✓ ✓   ✓ ⨯ 
Xiaom Mi Smart Socket 
Plug 
IEEE 802.11b/g/n 2200 18.37 ⨯ ⨯ ✓ ⨯ ✓ ⨯ ✓   ⨯ 
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a d a Circui o  CVM-1D n rgy analyz r, hat pr se   tha  60% e ric . For a co merci l
version, th s t o co pone ts should b  e lac  or li i ated. 
It s w th ting hat Tabl  1 xcludes o l  pl gs wi hout o toring fu ction  bu  
o mart plugs with mon oring hos  fu c on l  and cap bilitie  are not well d cr b d (i.e. 
w   gnifi a t l ck o  inform n w s ident fie , h  s a p was ot clu ed in Table 1). 
2.2. P oblems n  Limitations 
Th  co ventional smart plugs pres nt d in Tab e 1 a  n t tr ly m rt in any asp ct. F r i t c , 
t e s rt plugs a  enablers for r r fitting le ical r ou c s but d  ot posse s any smartness i  
their c e. The a thors c uld ot fin   stan ard ef niti n of sm t pl gs, but th  survey n icate  
the follow g def nition: a smart plug is an el ctronic devic for le tric l outlet  ins l ation h t can 
o trol an el t ic r source nd is ab  to communic te, lso, it may, or ay ot, h v  the ab lity of 
energy mon toring. 
The appl cati n of smart plugs e ables the onc pt of s art ho es. However, a smart plug is 
o ly a en bl  hile he s artness and intellig ce ar  in he smart ho e anagement sy tem. If 
s art plugs we e truly s rt and intellige t, new business models, opportunities and f at res could 
appear on th  market and in the pen s urce community. 



















































































ANKU O NEO RO 
W3101M  802. 1b/g/n 368  * 32.15
   ⨯ ✓ ⨯  ✓ ⨯ 
BroadLink Sm rt plug SP3 IEEE 802.11b/g/n 3600 24.90         
-Link DSP-W215  802.11n 18  36.12 ⨯ ✓ ⨯       ⨯ 
DIMAX SP-2101W V2 IEEE 802.11b/g/n 3680 * 56.82 ✓   ✓    ⨯ 
lg to-Eve ergy   2 00 * 49.99 ✓        
ibaro a l l g Z-Wave 5 5 78
Fib o Wa  lug ( ) BLE 2500 75.13  ⨯ ✓  ✓    ⨯ 
iD vices SWITCH I  802.11 / /  and BL 1800 23.74
 ⨯  ✓   ⨯ ✓   ⨯ 
i ocket Environ e t ro GSM 4000 143.20         
Koogeek 1 Plug IEEE 802.1 b/g/  1800 22.07 ⨯  ✓   ⨯  ✓ ⨯ 
RVIBO Smart WiFi 
eter Plug 31 
IEEE 802.1 b/g/  1800 21.20 ⨯ ✓     ⨯   ✓ ⨯ 
R vogi a t Meter Plug BLE 400  20.31      ⨯     
So off 31 Smart ocket I  802.11 / /  3520 14.54          
TP-Link HS110 802.11b/g/n 1800 32.90 ✓ ⨯      ✓ ⨯ 
TP-Link RE370K IEEE 
802. ac /g/b 
3840 62.48 ⨯  ⨯ ✓   ⨯  ✓ ⨯ 
Wemo Ins gh ar Plug IEEE 802.11/n  180  30.91 ✓ ⨯       ✓ ⨯ 
Xiaom Mi Smart Socket 
Plug 
IEEE 802.11b/g/n 2200 18.37   ⨯ ✓ ⨯  ⨯ ✓   ⨯ 
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ANKU  NEO RO 
3101  IEEE 802.11b/g/n 3680 * 32.15 
⨯     ✓ ⨯ 
BroadLink Sm rt plug SP3 I  802.11b/g/n 3600 24.90    ⨯ 
-Link DSP-W2 5  IEEE 802.11n 1800 36.12 ⨯      
DI AX P-2101W V2 IEEE 802.11b/g/n 3680 * 56.82 ⨯     
lgat -Eve nergy BLE 2500 * 49.99        
ibaro a l l g Z-Wave 2500 58.78    
Fiba o Wa  lug ( ) BLE 2500 75.13  ✓  ✓     
iD vices SWITCH IEEE 802.11b/g/n and BL  1800 23.74
 ⨯  ✓   ⨯ ✓   ⨯ 
iS cket nviron e t Pro GSM 000 143.20         
Koogeek 1 Plug IEEE 802.11b/g/n 1800 22.07 ⨯  ✓    ✓ ⨯ 
RVIBO Smart WiFi 
Meter Plug 31
IEEE 802.11b/g/n 800 21.20 ✓ ⨯ ⨯   ⨯   ✓ ⨯ 
Revogi a t Meter Plug BLE 400  20.31   ⨯   ⨯  ✓   
o off 31 Smart ocket I  802.1 / /  3520 14.54          
TP-Link HS110 802.11b/g/n 1800 32.90  ⨯ ✓   ✓  ✓ ⨯ 
TP-Link RE370K IEEE 
802. 1ac /g/b 
3840 62.48  ⨯ ✓    ✓ ⨯ 
Wemo Ins gh ar Plug IEEE 802.11/n  180  30.91  ⨯   ✓ ✓   ✓ ⨯ 
Xiaom Mi Smart Socket 
Plug 
IEEE 802.1 b/g/n 2200 18.37    ⨯ ✓   ⨯ 
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ANKU  NEO PRO 
W 101 IEEE 802.11b/g/n 3680 * 32.15
⨯ ⨯  ⨯ ✓ ⨯  ✓ ⨯ 
Bro dLink Sm t plug SP3 IEEE 802.11b/g/n 36 24
-Link DSP-W 5  802. n 18 36 12 ✓  
DI AX S -210 W V2 IEEE 802.11b/g/n 368 * 56 82
lgat - ve nergy  2 0 * 49 99
ibaro a l l g Z-Wave 5 5 78
Fiba o Wa l Plug ( ) 2500 75 13  ✓  ✓ ✓  
iD vices SWITCH  802.11  and BL  1800 23.74
⨯  ✓   ⨯ ✓   ⨯ 
iS cket nvironment ro GSM 000 143.20         
Koogeek 1 Plug IEEE 802.11b/g/n 1800 22.07 ⨯  ✓  ⨯ ⨯  ✓ ⨯ 
RVIBO Smart WiFi 
eter Plug
 802.11b/g/n 800 21.20 ⨯ ✓  ⨯   ⨯   ✓ ⨯ 
R vogi a t Meter Plug BLE 400  20.31 ⨯     ⨯  ✓  ⨯ 
o off 31 Smart ocket I  802.11 / /  3520 14.54          
TP-Link HS110 802.11b/g/n 1800 32.90 ✓ ⨯ ✓ ✓  ✓  ✓ ⨯ 
TP-Link RE370K 
8 2. ac /g/b 
3840 62.48  ⨯ ✓  ⨯ ⨯  ✓ ⨯ 
Wemo ns gh ar Plug IEEE 802.1 /n  180  30.91 ✓ ⨯ ✓   ✓   ✓ ⨯ 
Xiaom Mi Smart Socket 
Plug 
IEEE 802.11b/g/n 2200 18.37 ⨯ ✓  ⨯ ✓   ⨯ 
×
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ANKU  NEO RO 
W 101M IEEE 802.11b/g/n 3680 * 32.15
⨯  ⨯ ⨯  ✓ ⨯   ✓ ⨯ 
ro dLink Sma t plug SP3 IEEE 802.11b/g/n 36 24 0   
-Link DSP-W 5  802. 1n 18 36 12     
DIMAX S -21 W V2 IEEE 802.11b/g/n 368 * 56 82
lgato- ve E ergy  2 0 * 49 99  
baro all l g Z-Wave 5 5 78
Fib o Wall Plug ( ) BLE 2500 75.13   ✓    ⨯  ✓ ✓ ⨯ 
iDevices SWITCH I  802.11 / /  and BLE 1800 23.74
 ⨯  ✓ ✓  ⨯ ⨯ ✓  ⨯ ⨯ 
iS cket viron ent ro GSM 000 143.20           ✓ 
Koogeek P  Plu  IEEE 802.11b/g/n 1800 22.07 ⨯  ✓ ✓  ⨯ ⨯   ✓ ⨯ 
VIBO Smart WiFi 
eter Plug
 802.11b/g/n 800 21.20 ⨯ ✓ ⨯ ⨯  ⨯ ⨯  ✓ ✓ ⨯ 
R vogi a t Meter Plug BLE 400  20.31 ⨯   ⨯  ⨯ ⨯ ✓ ✓   
o off 3  Smart Socket I  802.1 / /  3520 14.54            
TP-Link HS110 802.11b/g/n 1800 32.90   ⨯ ✓  ✓ ✓   ✓ ⨯ 
TP-Link RE370K 
8 2. ac /g/b 
3840 62.48   ⨯ ✓  ⨯ ⨯   ✓ ⨯ 
Wemo ns gh mar Plug IEEE 802.1 /n  180  30.91   ⨯ ✓  ✓ ✓  ✓ ✓ ⨯ 
Xiaomi Mi Smart Socket 
Plug 
IEEE 802.1 b/g/n 2200 18.37 ⨯ ⨯ ⨯ ✓   ⨯ ✓  ⨯ ⨯ 
×
TP- i k RE370K IEEE80 .11ac/n/g/b 3840 62.48 ×
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AN U O NE  PRO 
W3101M I  . / /  368 * 32 15
B oadLink rt plug SP3 90    
D-Link SP- 215  n 6 1
EDIMAX -2101W V2 I  . / /  368  * 6.82    ⨯    ⨯  
Elg t -Eve Ene gy    * 49.99 ✓ ⨯ ✓ ⨯  ⨯      
Fibaro all Plug Z-Wave 5 5 78 ✓
F baro Wall Plug (BLE) BLE 2500 75.13           
iDevices SWITCH I  802.11b/g/n and BL  80 23.74
 ⨯ ✓   ⨯ ⨯ ⨯  ⨯  ⨯ 
iSocket Environment Pro GSM 4000 143. 0 ⨯  ⨯  ⨯ ✓   ✓ 
Koogeek P1 Plug IEEE 802.11b/g/n 180  22. 7            
ORVIBO Smart WiFi 
Meter Plug 1 
 802.11b/g/n 1800 21.20 ⨯ ✓ ⨯  ⨯   ✓ ✓ ✓ ⨯ 
Revogi Smart Meter Plug BLE 40  2 .31  ⨯  ⨯ ⨯ ⨯   ⨯  
Sonoff S31 Smart Socket IEEE 802.11b/g/n 3520 14.54 ⨯ ✓ ⨯ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ⨯ 
TP-Link HS110 IEEE 802.11b/g/n 1800 32.90     ✓  ✓     
TP-Link RE370K IEEE 
802.11ac/n/g/b 
3840 62.48      ⨯ ⨯  ⨯   
Wemo Insight Smart Plug IEEE 802.11/n  1800 30.91  ✓   ✓  ✓  ✓   
Xiaomi Mi Smart Socket 
Plug 
IEEE 802.11b/g/n 2200 18.37 ⨯ ⨯ ⨯ ✓ ⨯ ✓ ⨯ ✓ ⨯ ⨯ ⨯ 
×
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and a Circuitor CVM-1D nergy a alyz r, t repr sen more ha  60% th  price. For a c merci l 
versio , th se tw compone ts should be re laced or limi at d. 
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ANKU O NE  PRO 
W3101M IEEE 802.11b/g/n 368 * 32 15
B o dLink r plu  P3 0 90    
D-Link DSP- 2 5  n 6 12
EDIMAX S -2101W V2 I  802.11b/g/n 368  * 6.82         ⨯  
lg t -Eve Ene gy    * 49.99      ⨯  ✓ ✓ ⨯ 
Fibaro all Plug Z- ave 2500 58.78 ⨯          
Fibaro Wall Plug (BLE) BLE 500 75.13           
iDevices SWITCH I  802.11 / /  and BLE 80  23.74
 ⨯ ✓ ✓   ⨯    ⨯ ⨯ 
iSocket Environment Pro GSM 4000 43.20 ⨯    ⨯    ⨯ ✓ 
Koogeek P1 Plug IEEE 802.11b/g/n 800 22.07            
RVIBO Smart WiFi 
Meter Plug 31 
IEEE 802.11b/g/n 1800 21.20  ✓       ✓ ✓ ⨯ 
Revogi Sma t Meter Plug BLE 40  2 .31   ⨯    
Sonoff S31 Smart Socket IEEE 802.11b/g/n 3520 14.54   ⨯      ✓ ✓ ⨯ 
TP-Link HS110 IEEE 802.11b/g/n 1800 32.90       ✓     
TP-Link RE370K IEEE 
802.11ac/n/g/b 
3840 62.48      ⨯      
Wemo Insight Smart Plug IEEE 802.11/n  180  30.91            
Xiaomi Mi Smart Socket 
Plug 
IEEE 802.11b/g/n 2200 18.37  ⨯      ✓  ⨯ ⨯ 
× × ×
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AN U O NEO PRO 
W3101 I  . / /  368 * 32 15
Br dLink plug SP3 EEE 0     
D-Link P-W2 5  n 6 12  
EDIMAX -210 W V2 I  . / /  368 * 6 82   
Elg t -Eve Energy   * 49.99  ⨯  ⨯ ⨯ ⨯ ✓  ✓ ⨯ 
Fibaro all Plug Z-Wave 5 5 78 ✓
Fibaro all Plu  (BLE) 250 75 13   
iD vices SWITCH  .  and BL 23 74
  ⨯ ⨯  ⨯ 
iS cket Environment Pro GSM 40 43.20   ✓
Koogeek P1 Plug I  . / /  18  22.0    ✓         
ORVIBO Smart WiFi 
Meter Plug  
 802.11b/g/n 1800 21.20  ✓  ⨯        
R vogi mart Meter Plug BLE 40  2 .31 ⨯ ⨯    
Sonoff S31 Smart Socket IEEE 802.11b/g/n 3520 14.54 ⨯ ✓ ⨯ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ⨯ 
TP-Link HS110 IEEE 802.11b/g/n 1800 32.90     ✓  ✓     
TP-Link RE370K 
802.11ac/n/g/b 
3840 62.48      ⨯ ⨯     
Wemo nsight Smart Plug IEEE 802.1 /n  1800 30.91     ✓    ✓   
Xiaomi Mi Smart Socket 
Plug 
IEEE 802.11b/g/n 2200 18.37 ⨯ ⨯ ⨯ ✓ ⨯ ✓ ⨯ ✓ ⨯ ⨯ ⨯ 
×
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a d a Circuitor CVM-1D e gy alyz r, a r r sen more han 60% of th  price. For a commercial
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ANKU O NEO PRO 
W310 M IEEE 802.11b/g/n 368 * 32 15
⨯
dLink r plug SP3 EEE 0 90   
D-L nk D P- 2 5  n 6 12
DIMAX S -210 W V2 I  802.11b/g/n 368  * 6.82 ✓ ⨯  ✓  ⨯ ⨯ 
lg t -Eve Energy   * 49.99    ⨯    ⨯ 
Fibaro all Plug Z-Wave 5 5 78
F b o Wall Plug (BLE) BLE 250 75 13      
iD vices SWITCH IEEE 802.11b/g/n and BLE 23 74
    ⨯ ⨯   
iS cket E vironment Pro GSM 40 43.20      ✓
Koogeek P  Plug I  . / /  18  22.0            
RVIBO Smart WiFi 
Meter Plug 1 
 802.11b/g/n 1800 21.20  ✓ ⨯       ✓ ⨯ 
Revogi ma t Meter Plug BLE 40  20.31 ⨯ ⨯    
Sonoff S3  Smart Socket IEEE 802.11b/g/n 3520 14.54   ⨯      ✓ ✓ ⨯ 
TP-Link HS110 IEEE 802.11b/g/n 1800 32.90      ✓ ✓     
TP-Link RE370K IEEE 
802.11ac/n/g/b 
3840 62.48      ⨯ ⨯     
Wemo nsight Smart Plug IEEE 802.1 /n  180  30.91     ✓    ✓ ✓  
Xiaomi Mi Smart Socket 
Plug 
IEEE 802.11b/g/n 2200 18.37  ⨯      ✓  ⨯ ⨯ 
×
We o Insi h S a 8 2.1 / 1 30.9 ×
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ANKUOO NEO PRO 
SW3101M / /   5
Br adLink Smart plug SP3  . / /  36  4.90    ⨯      
D-Link D P-W215  IEEE 802.11n 36 12 ⨯ ✓ ✓ ✓
EDIMAX SP-2101W V2 IEE  802.11b/g/n 68  * 56.82    ⨯  ✓      
Elgato- v  Energy BLE 25  * 49.99 ⨯      
Fibaro all Plug Z-Wave 25 58 8  ⨯ ⨯ ✓   
Fibaro Wall Plug (BLE) BLE 2500 75.13 ⨯  ⨯      ✓  
iDevices SW TCH IEE 802.11b/g/n and BL  3 74
 ⨯
iSocket Environment Pro GSM 40 0 43.20 ⨯ ⨯  
Koogeek P1 Plug I  . / /  18  22.0    ✓         
ORVIBO Smart WiFi 
Meter Plug 31 
2
Revogi Smart Meter Plug BLE 400  2 .31  ⨯  ⨯     ✓ ⨯  
Sonoff S31 Smart Socket IEE 802.11b/g/n 52 14 5 ✓  ✓ ✓ 
TP-Link HS110 IEEE 802.11b/g/n 1800 32.90 ⨯ ✓ ⨯ ✓ ✓ ✓ ✓ ✓  ✓ ⨯ 
TP-Link RE370K IEEE 
802.11ac/n/g/b 
3840 62.48 ⨯  ⨯ ✓ ⨯ ⨯ ⨯ ✓ ⨯ ✓ ⨯ 
Wemo Insight Smart Plug IEEE 802.11/n  1800 30.91  ✓   ✓  ✓  ✓   
Xiaomi Mi Smart Socket 
Plug 
IEEE 802.11b/g/n 2200 18.37 ⨯ ⨯ ⨯ ✓ ⨯ ✓ ⨯ ✓ ⨯ ⨯ ⨯ 
×
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v rsion, these wo p n ts s oul  be rep ced r limin e .
It is worth ot ng th t Table 1 xc udes not ly s art p ugs wi hout i o g fun tio bu
also sm t plugs with m itoring wh se fun ti nal i d c p bilities re t well d scr d (i.e.
whe  a s g fi a t lack f inf r atio  was identified, the smart plug as not included in Table 1). 
2.2. Problems and Limitatio
The c vent nal smart plug  presented in Tabl 1 a not tru y sm t  any asp c . F r i ance,
the sma t plugs a  enabl r  fo retr fitting lectrical r urc s b t do not p sse s a sm tness n
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ANKU O NEO PRO 
SW3101M b/g/n  5 ✓ ⨯
Br adLink Smart plug SP3  . / /  36  4.90           
-Link D P- 215  IEEE 802.11n 1800 36.12          ✓ ⨯ 
EDIMAX SP-2101W V2 IEEE 802.11b/g/n 3680 * 56.82            
Elgato- v  Energy  BLE 5  * 49.99  ⨯     
Fibaro all Plug Z- ave 25 58 8  ⨯    
Fibaro all Plug (BLE) BLE 2500 75.13            
iDevices SW TCH IEEE 802.11b/g/n and BL  3 74
 
iSocket Environment Pro GSM 40 143.20 ⨯  
Koogeek P1 Plug I  . / /  18  22.0            
RVIBO Smart WiFi 
eter Plug 31 
2
Revogi Sma t Meter Plug BLE 400  2 .31           
Sonoff S31 Smart Socket IEE  802.11b/g/n 52 14 5     
TP-Link HS110 IEEE 802.11b/g/n 1800 32.90   ⨯    ✓   ✓ ⨯ 
TP-Link RE370K IEEE 
802.11ac/n/g/b 
3840 62.48    ✓  ⨯    ✓ ⨯ 
Wemo Insight Smart Plug IEEE 802.11/n  180  30.91         ✓ ✓  
Xiaomi Mi Smart Socket 
Plug 
IEEE 802.11b/g/n 2200 18.37  ⨯      ✓  ⨯ ⨯ 
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ANKUO  NEO PRO 
SW3101M / /   5
⨯
BroadLink Smart plug SP3 IEEE 802.11b/g/n 3600 24.90 ⨯      ⨯     
D-Link DSP- 215 IEEE 802.11n 1800 36.12 ⨯ ✓ ⨯  ⨯  ✓ ✓   ⨯ 
EDIMAX SP-2101W V2 IEEE 802.11b/g/n 3680 * 56.82 ⨯ ⨯    ⨯ 
lgato-Ev  Energy  BLE 25  * 49.99   ⨯     
Fibaro a l Plug Z- ave 25 58 8 ⨯    
Fibaro a l Plug ( ) BLE 2500 75.13  ⨯  ⨯  ⨯    ⨯ 
iD vices SW TCH IEEE 802.11b/g/n and BL  3 74
 
iS cket Environment Pro GSM 0 0 43.20  
Koogeek 1 Plug IEEE 802.11b/g/n 1800 2 .07 ✓   ⨯ ⨯  ✓ ⨯ 
ORVIBO Smart WiFi 
eter Plug 31 
2 ⨯ ⨯
Revogi Smart Meter Plug BLE 400  2 .31         
o off 1 Smart Socket IEEE 802.11b/g/n 52 14 5   ✓  
TP-Link HS110 IEEE 802.11b/g/n 1800 32.90 ⨯ ✓ ⨯ ✓ ✓  ✓ ✓ ⨯ ✓ ⨯ 
TP-Link RE370K IEEE 
802.11ac/n/g/b 
3840 62.48 ⨯ ✓ ⨯ ✓  ⨯ ⨯ ✓ ⨯ ✓ ⨯ 
Wemo Insight Smart Plug IEEE 802.11/n  1800 30.91 ✓ ⨯ ✓ ✓ ✓    ✓ ⨯ 
Xiaom Mi Smart Socket 
Plug 
IEEE 802.11b/g/n 2200 18.37 ⨯ ⨯ ✓ ⨯ ✓ ⨯ ✓   ⨯ 
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iSocket Environment Pro GSM 40 143.20  
Koogeek 1 Plug IEEE 802.11b/g/n 1800 22.07 ⨯ ✓       
RVIBO Smart WiFi 
eter Plug 31 
2 ⨯
R vogi Sma t Meter Plug BLE 400  2 .31          
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TP-Link RE370K IEEE 
802.11ac/n/g/b 
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Wemo Insight Smart Plug IEEE 802.11/n  180  30.91 ⨯ ✓         
Xiaom Mi Smart Socket 
Plug 
IEEE 802.11b/g/n 2200 18.37   ⨯ ✓ ⨯  ⨯ ✓   ⨯ 
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BroadLink Smart plug SP3 IEEE 802.11b/g/n 3600 24.90     
-L nk SP- 215  IEEE 802.11n 1800 36.12  ✓ ✓   
EDIMAX SP-2101W V2 IEEE 802.11b/g/n 3680 * 56.82 ✓    ✓ ✓   ⨯ 
lgato-Ev  E ergy BLE 25  * 9.99      
Fibaro a l Plug Z-Wave 25 58 8  ⨯   ✓ 
Fibaro a l Plug ( ) BLE 2500 75.13         
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Br adLink Smart plug SP3  . / /  36  4.90          
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Fibaro a l Plug Z-Wave 25 58 8  ⨯    
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iD vices SW TCH I  802.11 / /  and BL  3 74
 
iS cket nvironment Pro GSM 0 143.20  
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ANKU  NEO PRO 
SW3101M  . / /   32 15
BroadLink Smart plug SP3 IEEE 8 2.11b/g/n 3600 24.90          
D-Link DSP- 215  IEEE 80 .11n 36 12 
ED MAX SP-2101W V2 IEEE 80 .11b/g/n 3680 * 56.82 ⨯  ⨯ ⨯   ✓   ⨯ 
lgato- v  Energy BLE 25 * 49 99 ⨯
Fibaro a l Plug Z-Wave 2500 58.78  ⨯      
Fibaro a l Plug ( ) BLE 2500 75.13  ⨯  ⨯     ⨯ 
iD vices SWITCH IEEE 802.11b/g/n and BL 1800 23.74
 ⨯      ⨯ 
iS cket nvironment Pro GSM 000 143.20       
Koogeek 1 Plug IEEE 8 2.1 b/g/n 1800 22.07   ✓   ⨯  ✓ ⨯ 
RVIBO Smart WiFi 
Meter Plug 1 
 . / /   21.2       
R vogi Sma t Meter Plug BLE 400  20.31          
o off 1 Smart Socket IEEE 802.1 b/g/n 3520 14.54  ⨯    ✓   ✓ ⨯ 
TP-Link HS1 0 IEEE 802.11b/g/n 1800 32.90  ⨯    ✓  ✓ ⨯ 
TP-Link RE370K IEEE 
802.11ac/n/g/b 
3840 62.48  ⨯    ⨯   ⨯ 
Wemo Insight Smart Plug IEEE 802.11/n  180  30.91 ✓       ✓  
Xiaom Mi Smart Socket 
Plug 
IEEE 802.1 b/g/n 2200 18.37 ⨯ ⨯ ✓  ⨯ ✓   ⨯ 
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ANKU  NEO PRO 
SW3101M / /   2 5
BroadLink Smart plug SP3 IEEE 8 2.11b/g/n 3600 24.90     ⨯     
D-Link DSP-W 5  IEEE 802. 1n 36 12  ✓
DIMAX SP-210 W V2 IEEE 802.11b/g/n 3680 * 56.82    ✓     
lgato- ve Energy  BLE 25 * 49 99  ⨯
Fibaro a l Plug Z-Wave 25 58 8  ⨯    
Fibaro Wa l Plug ( ) BLE 2500 75.13        ⨯ 
iD vices SWITCH IEEE 802.11b/g/n and BL 3 74
 
iS cket nvironment Pro GSM 0 143.20 ⨯ ✓ 
Koogeek  Plug IEEE 802.11b/g/n 1800 22.07         
RVIBO Smart WiFi 
eter Plug 31 
21 2
R vogi Sma t Meter Plug BLE 400  20.31          
onoff 3  Smart Socket IEEE 802.1 b/g/n 52 14 54   ✓  
TP-Link HS110 IEEE 802.11b/g/n 1800 32.90  ⨯ ✓   ✓  ✓ ⨯ 
TP-Link RE370K IEEE 
802.11ac/n/g/b 
3840 62.48  ⨯ ✓   ⨯   ⨯ 
Wemo nsight Smart Plug IEEE 802.1 /n  180  30.91     ✓   ✓  
Xiaom Mi Smart Socket 
Plug 
IEEE 802.1 b/g/n 2200 18.37  ⨯ ✓  ⨯ ✓   ⨯ 
×
Xiaomi Mi Smart Socket
Plug E 802. b g/n 22 18. 7 × × ×
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ANKUOO NEO PRO 
SW3101M 368 * 5
BroadLink S a plug P3 I E 802.11b/g/n 6 2 90
D-Link DSP-W215  n 36 12    
EDIMAX SP-2101W V2 IEEE 802.11b/g/n 3680 * 56.82    ⨯      ⨯  
E gato-Eve Energy BLE 250  * 49.99   ✓ ⨯ ⨯ ⨯ ⨯   ✓ ⨯ 
Fibaro all Plug Z- ave 25 58 8    
Fibaro all l  (BLE) BLE 25  75.13           
iDevices SWITCH IEEE 802.11b/g/n nd BLE 3 74
 
iSocket Environment Pro GSM 1 3.20 ✓ 
K ogeek P1 Plug IEEE . b/g/n 180  2. 7 ⨯ ✓ ✓ ✓ ⨯ ⨯  ✓  ✓ ⨯ 
ORVIBO Smart WiFi 
eter Plug 31 
180 21 20 ⨯ ⨯ ⨯ ⨯
Revogi Smart Meter Plug BLE 4000 20.31 ⨯ ⨯ ⨯ ⨯ ⨯ ⨯ ⨯ ✓ ✓ ⨯ ⨯ 
Sonoff 31 art ocket I  . b/g/  52 14 54     
TP-Link H 110 IEEE 802.11b/g/n 1800 32.90       ✓     
TP-Link RE370K IEEE 
802.11ac/n/g/b 
3840 62.48 ⨯ ✓   ⨯ ⨯ ⨯ ✓ ⨯  ⨯ 
Wemo Insight Smart Plug IEEE 802.11/n  1800 30.91            
Xiaomi Mi Smart Socket 
Plug 
IEEE 802.11b/g/n 2200 18.37 ⨯ ⨯ ⨯ ✓ ⨯ ✓ ⨯ ✓ ⨯ ⨯ ⨯ 
×
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ANKU O NEO PRO 
SW3101M 368 * 15
B adL k S a t plug SP3 IEEE 802.11b/g/n 60 24 90
-Link SP-W215  IEEE 802.11n 1800 36.12      ✓  ✓   
EDIMAX SP-2101W V2 IEEE 802.11b/g/n 3680 * 56.82            
gato-Eve nergy BLE 2500 * 49.99   ✓   ⨯ ⨯    ⨯ 
Fibar all Plug Z-Wave 25 58 78  ⨯ ⨯
Fibaro all l (BLE) BLE 25  75.13           
iDevices SWITCH IEEE 802.11b/g/n and BL   3.74    
       
iSocket Environment Pro GSM  143.20 ⨯ ⨯        ⨯  
K ogee  P1 Plug IEEE . b/g/n 180  2.07 ⨯  ✓ ✓        
RVIBO Smart WiFi 
Meter Plug 31 
IEEE 802.11b/g/n 1800 1.20 ✓    ⨯ ⨯    ⨯ 
Revogi Sma t Meter Plug BLE 400  20.31      ⨯ ⨯ ✓ ✓ ⨯ ⨯ 
noff 31 art ocket I  . b/g/  352  14.54           
TP-Link H 110 IEEE 802.11b/g/n 1800 32.90            
TP-Link RE370K IEEE 
802.11ac/n/g/b 
3840 62.48      ⨯    ✓ ⨯ 
Wemo Insight Smart Plug IEEE 802.11/n  180  30.91  ✓          
Xiaomi Mi Smart Socket 
Plug 
IEEE 802.11b/g/n 2200 18.37  ⨯      ✓  ⨯ ⨯ 
×
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ANKU O NEO PRO 
SW3101M 368 * 5
Br adL nk S art plug SP3 . / /  6 90  
D-Link D P- 2 5 n 36 12  
EDIMAX SP-2101W V2 IEEE 802.11b/g/n 3680 * 56.82    ⨯        
gat - ve ergy BLE 25  * 49. 9      ⨯ ⨯     
Fibar all Plug Z-Wave 25 58 8 ✓ 
Fibaro all l  (BLE) BLE 5  75.13           
iDevices SWITCH IEEE 802.11b/g/n and BL  3 74
 
iSocket nvironment Pro GSM 143.20 ⨯ ⨯  
K ogee  P1 Plug I  . / /  18  .0   ✓   ⨯    ✓  
RVIBO Smart WiFi 
Meter Plug 31 
180 1 20 ⨯ ⨯
R vogi Sma t Meter Plug BLE 400  20.31 ⨯ ⨯ ⨯   ⨯ ⨯ ✓ ✓ ⨯ ⨯ 
noff 31 art ocket I  . 1b/g/n 52 14 54     
TP-Link H 110 IEEE 802.11b/g/n 1800 32.90     ✓  ✓     
TP-Link RE370K IEEE 
802.11ac/n/g/b 
3840 62.48 ⨯  ⨯ ✓ ⨯ ⨯ ⨯   ✓ ⨯ 
Wemo Insight Smart Plug IEEE 802.11/n  180  30.91            
Xiaomi Mi Smart Socket 
Plug 
IEEE 802.11b/g/n 2200 18.37 ⨯ ⨯ ⨯ ✓ ⨯  ⨯ ✓  ⨯ ⨯ 
× × ×
Proposed E A lug I E 8 2.1 b/g/ 73 ** ~13 × × × × ×
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ANKUOO N O RO
SW3101  b/g/n 368  2 5
BroadL nk S art plug SP3 IEEE 802.11b/g/n 3600 2 .90            
D-Link DS -W215  n 6 12  
DIMAX SP-2101W V2  802.1 b/g/  368 * 56.8 ✓    
lgat - v  E ergy BLE 25 * 49 99    
Fibar  ll l  Z- ave 25  58. 8          
Fibaro all Plug (BLE) BLE 5 75 13 ✓ ✓
iD vices SWITCH IEEE 802.11b/g/n nd BL  3 74
 
iSocket E viron ent Pro GSM 40 3.20         
Koogee  1 Plug I  . / /   .07       
ORVIBO Smart WiFi 
Meter l  31 
1 0  1.20     
Rev gi rt Meter Plug BLE 40  2 .3  ⨯ ⨯    
o off 1 Smart Socket IEEE 802.11b/g/n 52 14 5     
TP-Link H 110 IEEE 802.11b/g/n 1800 32.90 ⨯ ✓  ✓ ✓  ✓ ✓    
TP-Link RE370K IEEE 
802.11ac/n/g/b 
3840 62.48 ⨯  ⨯ ✓ ⨯ ⨯ ⨯ ✓ ⨯ ✓ ⨯ 
Wemo Insight Smart Plug IEEE 802.11/n  1800 30.91     ✓  ✓  ✓   
Xiaomi Mi Smart Socket 
Plug 
IEEE 802.11b/g/n 2200 18.37 ⨯ ⨯ ⨯ ✓ ⨯ ✓ ⨯ ✓ ⨯ ⨯ ⨯ 
×
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ANKU O NEO PRO
SW3101  1 b/g/n 368 * 2 5   
BroadL nk S art plug SP3 IEEE 802.11b/g/n 36 2 .90     
-Link DSP-W 5 n 6 12
D MAX P-2101W V2  . b/g/  368 * 56.8    
lgat -Ev  Energy BLE 5 * 49 99 ⨯   
Fibaro ll l  Z-Wave 5  58. 8          
Fibaro Wall l  (BLE) BLE 5 75 13 ✓
iD vices SWITCH IEEE 802.11b/g/n and BL  3 74
i ocket viron ent Pro GSM 3.20         
K o ee  1 Plug I  . / /   .07       
RVIBO Smart WiFi 
Meter l  31 
1 0  1.20     
Rev gi t Meter Plug BLE 40  2 .3  ⨯ ⨯    
o off S 1 Smart Socket I  . 1b/g/n 52 14 54     
TP-Link HS110 IEEE 802.11b/g/n 1800 32.90       ✓     
TP-Link RE370K IEEE 
802.11ac/n/g/b 
3840 62.48    ✓  ⨯    ✓ ⨯ 
Wemo Insight Smart Plug IEEE 802.11/n  180  30.91  ✓       ✓ ✓  
Xiaomi Mi Smart Socket 
Plug 
IEEE 802.11b/g/n 2200 18.37  ⨯      ✓  ⨯ ⨯ 
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ANKUO  N O RO
SW3101M b/g/n 368 * 2 5   
BroadLink S ar plug SP3 IEEE 80 .11b/g/n 36 2 .90     
D-Link DSP-W215 n 36 12 ⨯ ✓ ✓  
DI AX P-210 W V2  . b/g/  368 * 56.8    
lgat - v  nergy BLE 5 * 49 99 ⨯   
Fibar  l lug Z-Wave 5 58 8      
Fibaro a l lug ( ) BLE 5 75 13   ✓ ✓
iD vices SWITCH IEEE 802.11b/g/n and BL  3 74
 
i cket E viron ent Pro GSM 0 143.20      
Koogeek 1 Plug I  802.1 b/g/n 1800 22.07   ⨯   ⨯ 
ORVIBO Smart WiFi 
Meter l  3  
80 21 20
Rev gi rt Meter Plug BLE 400  20.31  ⨯ ⨯    ⨯ 
off 1 art ocket IEEE 802.11b/g/  52 14 54   ✓  
TP-Link HS110 IEEE 802.11b/g/n 1800 32.90 ⨯ ✓ ⨯ ✓ ✓  ✓ ✓ ⨯ ✓ ⨯ 
TP-Link RE370K IEEE 
802.11ac/n/g/b 
3840 62.48 ⨯ ✓ ⨯ ✓  ⨯ ⨯ ✓ ⨯ ✓ ⨯ 
Wemo Insight Smart Plug IEEE 802.11/n  1800 30.91 ✓ ⨯ ✓ ✓ ✓    ✓ ⨯ 
Xiaom Mi Smart Socket 
Plug 
IEEE 802.11b/g/n 2200 18.37 ⨯ ⨯ ✓ ⨯ ✓ ⨯ ✓   ⨯ 
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ANKU O N O RO
SW3101  1 b/g/n 368 * 2 5   
BroadLink S a plug SP3 IEEE 802.11b/g/n 36 2 .90     
-Link DSP-W2 5  n 36 12    
D MAX P-2 01W V2  . b/g/n 368 * 56.8     
lgat -Eve nergy BLE 5 * 49 99     
Fibaro l l g Z-Wave 5  58. 8        
Fibaro Wa l l  (BLE) BLE 5 75 13  ✓
iD vices SWITCH IEEE 802.11b/g/n and BLE 3 74
 
i ocket nvironment Pro GSM 3.20      ✓
K o ee   Plug I  . / /   2 .07    ⨯    
RVIBO Smart WiFi 
eter l  31 
1 0  21.20     
R v gi t Meter Plug BLE 40  2 .3   ⨯    
So off  Smart Socket I  . 1b/g/n 52 14 54     
TP-Link H 110 IEEE 802.11b/g/n 1800 32.90       ✓ ⨯ 
TP-Link RE370K IEEE 
802.11ac/n/g/b 
3840 62.48 ⨯  ⨯ ✓   ⨯  ✓ ⨯ 
Wemo Insight Smart Plug IEEE 802.11/n  180  30.91        ✓ ⨯ 
Xiaom Mi Smart Socket 
Plug 
IEEE 802.11b/g/n 2200 18.37   ⨯ ✓ ⨯  ⨯ ✓   ⨯ 
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ANKU  N O RO 
SW310 M IEEE 80 .11b/g/n 680 * 32.15 
 ⨯  ⨯  ✓ ⨯ 
B adLi k S a plug SP3 IEEE 802.11b/g/n 3600 24.90 ✓ ⨯ ⨯  ⨯    ⨯ 
-Link DSP-W215  IEEE 802.11n 800 36.12  ⨯  ✓ ✓   ✓ ⨯ 
DIMAX P-21 1W V2 IEE  80 .1 b/g/n 368  * 56.82   ⨯  ✓     ⨯ 
lgat - ve ergy BLE 500 * 49.99    ⨯   ⨯    ⨯ 
Fibaro l Plug Z-Wave 500 58.78     ⨯ ✓   ⨯ 
Fibaro Wa l Plug ( ) BLE 500 75.13     ⨯   ✓ ⨯ 
iD vices SWITCH IEEE 802.11b/g/n and BLE 8 0 23.74
 ⨯ ✓ ✓  ⨯ ⨯   ⨯ 
i cket nvironment Pro GSM 000 143.20  ⨯ ⨯   ⨯    ✓ 
Koogeek 1 Plug IEEE 802.11b/g/n 1800 22.07 ⨯ ✓  ✓ ⨯  ✓ ⨯ 
RVIBO Smart WiFi 
eter l  3  
IEEE 802.1 b/g/n 800 21.20 ✓ ⨯ ⨯ ⨯   ✓ ⨯ 
Revogi t Meter Plug BLE 400  20.31 ⨯ ⨯ ⨯    ⨯ 
off 1 art Socket IEEE 802.1 b/g/n 3520 14.54 ✓ ⨯   ✓ ✓   ✓ ⨯ 
TP-Link HS110 IEEE 802.11b/g/n 1800 32.90  ⨯ ✓   ✓  ✓ ⨯ 
TP-Link RE370K IEEE 
802.11ac/n/g/b 
3840 62.48  ⨯ ✓    ✓ ⨯ 
Wemo Insight Smart Plug IEEE 802.11/n  180  30.91  ⨯  ✓ ✓ ✓   ✓ ⨯ 
Xiaom Mi Smart Socket 
Plug 
IEEE 802.1 b/g/n 2200 18.37    ⨯ ✓   ⨯ 
* The maximum pow r chan es according to the plug type; ** When installed in an electrical board, otherwise is
l it d o 16 A f s andard ype-F plug.
It is w rth notin th t T ble 1 exclud s not only smart plugs without monitoring functions but also
s art plugs with onitoring whose functionalities and capabilities are not well described (i.e., when a
significa t lack of information was identified, the smart plug was not included in Table 1).
2.2. Problems nd Limi ati ns
The c nv ntion l smart plugs presented in Table 1 are not truly smart in any aspect. For instance,
the s ar plugs e n blers for r rofitting electrical resources but do not possess any smartness in
their core. The authors could not fi d a standard definitio of smart plugs, but the survey indicates
the following d fin tion: a s t pl is an electronic device for electrical outlets installation that can
control an el ctric r sourc and is able to communicate, also, it may, or may not, have the ability of
e ergy onitoring.
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The application of smart plugs enables the concept of smart homes. However, a smart plug is only
an enabler while the smartness and intelligence are in the smart home management system. If smart
plugs were truly smart and intelligent, new business models, opportunities and features could appear
on the market and in the open source community.
Nowadays, the clear disadvantage in the smart plug market is the lack of standardization or the
implementation of standards in the smart plugs. Standards like Z-Wave or NEST were developed
for home applications but are not the market standard for these products. This problem can affect
the users and creates friction in the usage of smart plugs with third-party smart homes or energy
management systems.
The use of multiple communication protocols, such as Z-Wave or Zigbee, demands the installation
of hubs that aggregate all the communications and work as an interface between Wi-Fi or Ethernet
network to the protocol used by the smart plugs. It is not unusual to have more than one hub in
homes, and this can be a problem for users, representing an increase in equipment and in energy
consumption. The application of Wi-Fi in smart plugs, although is more convenient, also raises other
concerns regarding smart plug’s energy consumption.
The last limitation that the authors want to point out, concerns the quality of information measured
by the current smart plugs. The values and parameters measured, if any, are overall related to
the electrical resource consumption giving few or no information regarding the resource context.
The inability to provide sufficient and quality information to a smart home or energy management
system will limit the system actuation.
3. Proposed Architecture
Facing the limitations of current smart plugs, available in the market, the authors propose an
improved EnAPlug. The proposed improved EnAPlug differentiates itself from others because of its
ability to understand the context of the load and its ability to share knowledge. While the majority of
conventional smart plugs only provide consumption values, EnAPlug can collect more data that can
be transformed into knowledge. EnAPlug has a plug and play feature to integrate multiple sensors,
as shown in Figure 1. This enables the measurement of parameters that directly or indirectly have an
impact in the usage or operation of the electrical resource that EnAPlug controls.
Sensors 2018, 18, x FOR PEER REVIEW  4 of 16 
 
Proposed EnAPlug IEEE 802.11b/g/n 7360 ** ~130 ⨯ ⨯ ⨯ ⨯ ⨯ ✓ ⨯ ✓ ✓ ✓ ✓ 
* the maximum power changes according to the plug type; ** when installed in an electrical board, 
otherwise is limited to 16 A of a standard type-F plug. 
Nowadays, the clear disadvantage in the smart plug market is the lack of standardization or the 
implementation of standards in the smart plugs. Standards like Z-Wave or NEST were developed for 
home applications but are not the market standard for these products. This problem can affect the 
users and creates friction in the usage of smart plugs with third-party smart homes or energy 
management systems. 
The use of multiple communication protocols, such as Z-Wave or Zigbee, demands the 
installation of hubs that aggregate all the communications and work as an interface between Wi-Fi 
or Ethernet network to the protocol used by the smart plugs. It is not unusual to have more than one 
hub in homes, and this can be a problem for users, representing an increase in equipment and in 
energy consumption. The application of Wi-Fi in smart plugs, although is more convenient, also 
raises other concerns regarding smart plug’s energy consumption. 
The last limitation that the authors want to point out, concerns the quality of information 
measured by the current smart plugs. The values and parameters measured, if any, are overall related 
to the electrical resource consumption giving few or no information regarding the resource context. 
The inability to provide sufficient and quality information to a smart home or energy management 
system will limit the system actuation. 
3. Proposed Architecture 
Facing the limitations of current smart plugs, available in the market, the authors propose an 
improved EnAPlug. The proposed improved EnAPlug differentiates itself from others because of its 
ability to understand the context of the load and its ability to share knowledge. hile the majority of 
conventional smart plugs only provide consumption values, EnAPlug can collect more data that can 
be transformed into knowledge. EnAPlug has a plug and play feature to integrate multiple sensors, 
as shown in Figure 1. This enables the measurement of parameters that directly or indirectly have an 
impact in the usage or operation of the electrical resource that EnAPlug controls. 
 
Figure 1. EnAPlug sensors integration. 
The sensors of each EnAPlug should be chosen after the controllable resource is known. If the 
control will be done in a lamp, EnAPlug could have a movement sensor, a room luminosity sensor, 
and a noise sensor. These sensors will give a clear view about how and when the lamp is used. 
The allocation of sensors in each EnAPlug should be thought out for each application. A sensor 
should be installed if the measured value has a direct or indirect connection in when or how the 
controllable resource will be used. The correct choice of sensors will increase the awareness capability 
of EnAPlug. 
The proposed EnAPlug uses a multi-agent system (MAS) approach, that according to [17] should 
provide reactivity, pro-activeness and social abilities. These abilities allow the MAS to react to 
changes happening in their environment, to have pro-activity to achieve their own goals and to be 
i r . l se s rs i te r ti .
The sensors of each EnAPlug should be chosen after the controllable resource is known. If the
control will be done in a lamp, EnAPlug could have a movement sensor, a room luminosity sensor,
and a noise sensor. These sensors will give a clear view about how and when the lamp is used.
The allocation of sensors in each EnAPlug should be thought out for each application. A sensor
should be installed if the measured value has a direct or indirect connection in when or how the
controllable resource will be used. The correct choice of sensors will increase the awareness capability
of EnAPlug.
The proposed EnAPlug uses a multi-agent system (MAS) approach, that according to [17] should
provide reactivity, pro-activeness and social abilities. These abilities allow the MAS to react to changes
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happening in their environment, to have pro-activity to achieve their own goals and to be social with
other agents using direct communications to negotiate, collaborate or cooperate. The use of MAS
for energy management systems functionalities is not a novelty feature, some examples can be seen
in [18–20].
The proposed architecture implementation of an EnAPlug can be done using single-board
computers (SBC). Currently, there are multiple low-cost SBC small enough to be integrated into
the smart plug. Examples of low-cost and small SBC, with integrated Wi-Fi, are Raspberry Pi Zero,
Orange Pi Zero, and NanoPi NEO Core2. This paper will focus on the software architecture, for the
complementary hardware—sensors, actuators, and energy analyzer—please refer to [15,16].
The internal architecture of EnAPlug is shown in Figure 2. The base of EnAPlug is (Java Agent
Development) JADE framework [21]. This framework enables a faster MAS development by providing
FIPA compliance [22] and useful agents such as the Directory Facilitator that provides yellow pages to
the MAS. Other frameworks can be used for this layer without compromising the proposed architecture.
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The resource safety control layer is placed below the sensors and actuators layer to prevent an 
unsafe and dangerous situation in the controlled resource. This layer has the ability to overwrite 
control signals to prevent damage in the controlled resource or prevent dangerous or unsafe 
situations to the resource context. For instance, if EnAPlug is connected to an air-conditioner located 
in a server room, its control must be done carefully to prevent damage in the servers, EnAPlug should 
have a temperature sensor to measure the room’s temperature, and the resource safety control will 
i . l it t .
On top of the JADE framework is the persistence and historic layer that stores all the information
read and produced by the agent. For this layer, the use of SBC brings clear limitations in the storage
size. Therefore, the authors reco mend the connection between the persistence and historic layer to a
cloud storage server. This will enable the agent to collect and store, and then send it to an external
server, freeing storage space in the SBC.
The awareness layer is responsible for data acquisition and resource control. Therefore, has on
its top four possible communications: Modbus/RTU & TCP, General Purpose Input/Output (GPIO),
Radiofrequency (RF), and TCP/IP. The use of Modbus/RTU & TCP enables an easy communication
between the SBC and energy analyzers—that usually possess a Modbus/RTU interface for remote
access. Modbus/RTU & TCP can also be used for communication with sensors and actuators because
the majority of SBC provide GPIOs, they can be used for sensor connection. The radiofrequency
layer provides a software interface between the agent and RF modules, such as 433Mhz RF or
NRF24L01 modules. This communication is for sensors and actuators that are not wired connected to
EnAPlug, providing a wireless interface for small sensors and actuators that do not possess a Wi-Fi
communication. The TCP/IP layer provides Wi-Fi and/or Ethernet communication between the agent
and the world. It can be used for sensors and actuators on top of the awareness layer or for remote
connections on top of the knowledge layer.
The resource safety control layer is placed below the sensors and actuators layer to prevent an
unsafe and dangerous situation in the controlled resource. This layer has the ability to overwrite
control signals to prevent damage in the controlled resource or prevent dangerous or unsafe situations
to the resource context. For instance, if EnAPlug is connected to an air-conditioner located in a server
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room, its control must be done carefully to prevent damage in the servers, EnAPlug should have
a temperature sensor to measure the room’s temperature, and the resource safety control will only
enable control signals when the temperature is below a certain value, otherwise, the signal should the
overwrite to prevent temperature increasing. The resource safety control layer can be parameterized to
send user warning and alerts when dangerous situations are detected. This layer is one critical aspect
in EnAPlug and takes advantage of its context awareness ability.
The knowledge layer gives meaning to the information of the awareness layer by creating
knowledge using deep learning. The training of deep learning algorithms can be a huge task for SBC.
Therefore, the training process of deep learning algorithms can be performed in the cloud, while the
trained model can be used inside EnAPlug’s SBC. The Cloud connection enables the interaction
between EnAPlug and a cloud where deep learning algorithms can be trained using EnAPlug’s data.
The shared knowledge layer is described in detail in the next Section 3.1. This layer enables
the share of knowledge directly between EnAPlugs to build a shared knowledge world where each
EnAPlug contributes with their knowledge.
3.1. Shared Knowledge
The shared knowledge layer is one of the most important layers in EnAPlug’s architecture.
The ability to learn and share its knowledge is the main feature of EnAPlug and brings a new set of
possibilities to its application.
The control and monitoring of electrical resources are important enablers but is possible to turn
smart plugs in devices with knowledge regarding the usage and operation of a controllable resource.
For this to be possible, the proposed architecture presents a knowledge layer that can use remote
deep learning algorithm for learning using the data of the awareness layer (Figure 2). The knowledge
layer brings knowledge to EnAPlug, while the shared knowledge layer brings the ability to share this
knowledge with other EnAPlugs.
Knowledge layer is responsible to give meaning to data. The use of this layer can be vast and
different from each EnAPlug application, but for this paper it is considered that the Knowledge layer
should have answers to the following two questions:
• The resource will be used by the user in the next hour?
• The resource will have electrical consumption in the next hour?
Each EnAPlug should be able to answer those two questions in thirty minutes ahead. In some
cases, such as televisions and heaters, the answers of both questions can be the same—both positive or
negative—but in some cases, such as water heaters and refrigerators, the answers can differ.
EnAPlug should also understand its surroundings and context besides the knowledge provided
by the knowledge layer. Therefore, each EnAPlug must be able to answer, at any time, to the following
two questions:
• The resource is being used?
• The resource is consuming electricity?
The shared knowledge feature enables EnAPlugs to interact with each other’s to build a complete
movement and presence mind map of the building where they are installed. An EnAPlug, can, at any
time, quiz others regarding their knowledge. Figure 3 shows the communication sequence regarding
knowledge acquisition.
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Figure 3. Shared Knowledge procedure.
In Figure 3, is presented a example wh re a heater’s EnAPlug, locat d in living room, wants
to optimize its consumption according to the usage of the living room. Ther fore, it must ask ev ry
EnAPlug in the living room if its resource is in used and if the reso rce will be used during the next
hour. In order to do that, the heater’s EnAPlug will inquire the yellow pages of the MAS, provided by
the Directory Facilitator ag nt of JADE fram work, to request all the agents located in the living room.
Then, for each agent in the living room, the heater’s EnAPlug will inquire the agent knowledg .
The shared kn wledge layer en bles the collaboration betw en EnAPlugs, all of them are
conn cted and can benefit fr m ach oth ’s, as se n in Figure 4. Like in a society, the combinati n of
knowledge leverages the overall knowledge and can improve resource management. In the previous
example, regarding the heater’ EnAPlug, the heater should management its consumption using the
knowledge of every resource located inside the living room.
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Figure 4. EnAPlugs connection for shared knowledge.
All EnAPlugs contribute to an overall shared knowledge that is available to all in a distributed
and decentralized way, avoiding the centralization of knowledge. However, energy and resource
centralized man gem nt solutions can be built on top of EnAPlug to us their context capabilities.
The questions that EnAPlug should answe can expand to include new ones. The proposed fo r
questions are used i our cas study, but more can be included.
The hared knowledge layer is built upon the knowledge layer, while the knowledge layer is built
upon t data from the sensor & actuators layer. Therefore, the application of sensors must provid
enough data to th knowledge ayer. The use of the right sensors in the EnAPlug is the most important
aspect, without the rig t sensors, the ability to transform data into knowledge and then share it with
the others is not possible.
3.2. Distributed Optimization
EnAPlug can be integrated into an energy management system for centralized resource
optimization. However, EnAPlugs are able to run distributed optimizations, where each EnAPlug
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optimizes their own resource consumption according to the shared knowledge provided by
other EnAPlugs.
The shared knowledge is very important for distributed optimizations. EnAPlug can use the
shared knowledge of all EnAPlugs located in the same room to identify if there will be persons in the
room during the next hour.
To use the shared knowledge for distributed optimization, Equation (1) is used. Where A is
the EnAPlug’s answer—there will, or will not, be users/consumption during the next hour.
The aggregation of knowledge is calculated using Equations (2) and (3). To know if there will be
users/consumption in the room, at least one EnAPlug should respond affirmatively. However, to know
if there will not be users/consumption in the room, all the EnAPlugs should respond negatively.
Equation (2) calculates the probability of a negative room answer. Where E0i is the EnAPlug i
probability of not having users/consumption. Equation (3) calculates the probability of an affirmative
answer—adaptation from the principle of inclusion and exclusion for probability [23]. Where E1i is the
EnAPlug i probability of having users/consumption.
Equation (4) calculates the EnAPlug probability of having (E1) or not having (E0)
users/consumption. For this, the answer is given by EnAPlug, represented by A, and the accuracy
of its forecast, represented by γ, are used. For instance, if we have an EnAPlug, with an accuracy
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i1, i2, . . . , ik :
1 ≤ i1 < i2 < · · · < ik ≤ n
P(E1i1 ∩ E1i2 ∩ . . . ∩ E1ik )
 (3)
Eai = (1− γ)
|a−A|γ|1−a−A| (4)
4. Learning Results
The deep learning mechanism used in this paper case studies was executed in EnAPlug using a
trained model that was trained in the cloud—to avoid the low-processing of SBC. It was used Deep
Learning for Java (DL4J) library to run artificial neural networks (ANN) [24]. The ANN chosen were
the Long Short-Term Memory Units (LSTMs) because of their ability to continue learning [25–27].
It was used backpropagation networks, where the weights are initialized using the equation proposed
in [28]. Gradients updates are calculated using Nesterov momentum. A threshold of 0.5 is applied to
truncate values, as it was proposed in [29].
To avoid underfitting and overfitting, it was used the early stopping functionality available in
DL4J [30]. The early stopping analyzes an ANN using a time window and a maximum number
of epochs, and it is able to calculate the equilibrium point where the ANN is not underfitting or
overfitting, giving the best epoch number for training.
The dataset used for ANN uses real data collected using two physically installed EnAPlugs in our
research center. A total of 106 ANN were designed, trained and evaluated. For this paper, only the
best configurations were included. For each configuration is presented the two best sub-configurations.
Where a configuration differs from each other by their inputs and outputs, while sub-configuration
only varies according to their internal composition—hidden layers and number of neurons.
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4.1. Refrigerator
It was installed an EnAPlug in a refrigerator containing an energy analyzer, outside temperature
sensor, inside temperature sensor, inside a humidity sensor and a door sensor that detects the opening
of the door. The EnAPlug sensors were installed to gather enough context data from the refrigerator
usage. Data from this installation can be found in [16].
The inside temperature sensor is used by the resource safety control layer to prevent damage in
the refrigerator goods. If inside temperature exceeds more than 7 ◦C, the safety control will turn on
the refrigerator and overwrite the resource remote control signals.
At this point, EnAPlug controls the refrigerator as an all and for this reason, where the power is
cut, the motor and inside light stop working. A new actuator mechanism can handle the cut of the
motor only, but it would require changes inside the refrigerator.
The knowledge layer on this EnAPlug uses artificial neural networks (ANN). The ANN was
tested using several inputs and training sets. In the end, were used two different ANN, one to forecast
if the refrigerator will be used by the users in the next hour, and other to forecast if the refrigerator will
have consumption in the next hour.
The light consumption of the refrigerator—when the door is open—is not considered as relevant
consumption. Therefore, the forecast for refrigerator consumption will only forecast the motor
consumption and not the 20 W light consumption.
Table 2 shows the seven best ANNs to answer the shared knowledge questions (Section 3.1).
The configurations differ by their input and output parameters. The configurations numbered as 1.1.x
answer the first question regarding the usage of the resource in the next hour, while the configurations
numbered as 1.2.x answer the second question regarding the consumption of the resource in the next
hour. The configurations are executed in t-30 min where t corresponds to the hour that is forecast.
Table 2. ANN configurations—for refrigerator EnAPlug.
Configuration 1.1.1
Inputs Output
• [0–23]—hour of the day
• [1–7]—day of the week
• [0–1]—if the door was opened in the previous hour
• [0–1]—if the user will open, or not, the refrigerator
Configuration 1.1.2
Inputs Output
• [0–23]—hour of the day
• [0–1]—if week or weekend
• [0–1]—if the door was opened in the previous hour
• [0–1]—if the user will open, or not, the refrigerator
Configuration 1.1.3
Inputs Output
• [0–23]—hour of the day
• [0–1]—if week or weekend • [0–1]—if the user will open, or not, the refrigerator
Configuration 1.2.1
Inputs Output
• kWh—consumption in last 30 min
• ◦C—refrigerator’s temperature
• ◦C—room temperature




• ◦C—room temperature • [0–1]—if refrigerator motor will run




• [0–23]—hour of the day
• [0–1]—if week or weekend
• [0–1]—if the door was opened in the last 15 min
• kWh—consumption in last 15 min




• [0–3]—if refrigerator motor runs in the first half
hour or/and in the second half hour (i.e., 0: not
runs; 1: runs in the first half; 2: runs in the second
half; 3 runs in first and second half)
Configuration 1.2.4
Inputs Output
• [0–23]—hour of the day




• [0–3]—if refrigerator motor runs in the first half
hour or/and in the second half hour (i.e., 0: not
runs; 1: runs in the first half; 2: runs in the second
half; 3 runs in first and second half)
Has said before, the number of epochs where previously calculated using the early stopping
functionality of DL4J to prevent the under and overfitting of the network.
The results show that Configuration 1.1.2 is the best option to forecast the usage of the refrigerator.
This algorithm forecasts, with a 91% accuracy, if the door of the refrigerator will be open during the
next hour—meaning that at least one user will be at the kitchen in the next hour. Table 3 shows the
detailed results for the Configuration 1.1.2 with 20 nodes in the hidden layer and using a 3496 epochs
training. As can be seen, the algorithm was able to forecast 95.8% of the time if the door will not be
open, representing an 8.9% improvement above the chance. The forecast for hours where the door will
be open had a 60.9% accuracy, representing an improvement of 407.3% above chance. Meaning that
the ANN, with an accuracy of 60.9% for hours that the door will be opened, is still four times better
than the chance of that scenario really happen.
Table 3. Refrigerator usage forecast—Configuration 1.1.2 with a single hidden layer with 20 neurons.
Will Not Open Will Open
Positive 413 42
False Positive 18 27
Accuracy 95.82% 60.87%
Above chance 8.89% 407.25%
Total Accuracy 91.00%
Total Precision 81.93%
To answers the question of whether the EnAPlug resource will consume electrical energy during
the next hour, Configuration 1.2.2 and 1.2.4 are the best options. The algorithms differ from their
outputs, Configuration 1.2.2 has two possible results while 1.2.4 has four possible outcomes. Table 4
shows the detailed results of Configuration 1.2.2 that can forecast if the EnAPlug resource will,
or will not, consume electrical energy in the following hour. Configuration 1.2.2 uses an ANN with
10 hidden nodes in a single hidden layer with an 1136 epochs training. With an 88.4% overall accuracy,
Configuration 1.2.2 brings clear advantages, between 75.6% and 78%, above the change.
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Table 4. Consumption forecast—Configuration 1.2.2 with 10 hidden neurons.
Will Not Consume Will Consume
Positive 219 223
False Positive 26 32
Accuracy 89.39% 87.45%
Above chance 78.06% 75.60%
Total Accuracy 88.40%
Total Precision 88.42%
Facing the good results of Configuration 1.2.2; Configuration 1.2.3 and 1.2.4 were designed using
four possible outcomes. Instead of forecasting only if the refrigerator motor will consume, these new
algorithms try to better understand when this consumption will happen. The possible outputs of
these algorithms are: there will not be any consumption during the forecasted hour; there will be
consumption only in the first half an hour; there will be consumption only in the last half an hour;
or there will be consumption during the entire hour.
Table 5 shows the detailed results of Configuration 1.2.4 using a network with 5 hidden nodes and
a 1088 epochs training. The results show a significant improvement in the above chance values. The
configuration can, with an accuracy between 58.1% and 91.5%, forecast if the refrigerator motor will
run in the first half an hour, in the last half an hour, in the full hour or if it will not run at all. With an
overall accuracy of 81.6% using four possible outcomes, the Configuration 1.2.4 is a good option to
forecast if the refrigerator will, or will not, consume electrical energy in the following hour period.









Positive 225 50 25 108
False Positive 21 22 18 31
Accuracy 91.46% 69.44% 58.14% 77.70%




In this case study, the desk lamp is used for desk works, and it should be turned on every time
a person is working on the desk. This way, the electrical consumption is directly connected to the
presence of the user. By considering this, the forecast questions of Section 3.1 can be answered using
a unique configuration. The ANN that forecasts the user presence is also used for the consumption
forecast. This is only possible because this resource is dependent on user usage, and only has
consumption if the user is there.
The desk lamp’s EnAPlug was integrated with a luminosity sensor, a temperature sensor, and a
presence sensor. The presence sensor itself is the combination of a passive infrared sensor (PIR) that
is a movement sensor, a keyboard sensor, and a mouse sensor. The keyboard and mouse sensors are
purely software installed on the desktop computer. It is the combination of those three sensors that
provide the information of user presence. Table 6 shows the three best configurations used for the
forecast. The ANN was built in DL4J using the early stopping functionality.
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Table 6. Forecast configurations description—for desk lamp EnAPlug.
Configuration 2.1
Inputs Output
• [0–23]—hour of the day
• [0–1]—if week or weekend
• lux—luminosity near the desk
• ◦C—temperature
• [0–1]—presence sensor in the last 30 min
• [0–1]—if the user will, or not, use the desk,
resulting in electrical consumption
Configuration 2.2
Inputs Output
• [0–23]—hour of the day
• lux—luminosity near the desk
• ◦C—temperature
• [0–1]—if the user will, or not, use the desk,
resulting in electrical consumption
Configuration 2.3
Inputs Output
• [0–23]—hour of the day
• [0–1]—if week or weekend
• lux—luminosity near the desk
• [0–1]—if the user will, or not, use the desk,
resulting in electrical consumption
Table 7 analyzes, in detail, the results of Configuration 2.1 using 20 nodes in the hidden layer and
a 1043 epochs training. This ANN configuration achieved great numbers above change. For instance,
there is a change probability of 24.4% for the desk to be used, but using the ANN we achieve an 81.5%
accuracy, resulting in 234.2% above change.
Table 7. Desk lamp forecast—Configuration 2.1 with 20 hidden neurons.
Will Not Be Used Will Be Used
Positive 354 106
False Positive 16 24
Accuracy 95.68% 81.54%
Above chance 26.56% 234.17%
Total Accuracy 92.00%
Total Precision 88.61%
Each configuration of Tables 2 and 6 were executed with several hidden layer configurations,
Table 8 shows the two best sub-configurations results. Configuration 1.1.2 was the best configuration
to forecast refrigerator usage, while Configuration 1.2.2 had the best result for consumption forecast.
The results of Table 8 show that the configuration with the best result for the desk lamp was
Configuration 2.1 with 92.0% accuracy, while Configurations 2.2 and 2.3 were very close achieving
results of 91.80% accuracy.
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Config. 1.1.1 10 2056 2500 80% 20% 500 89.80% 78.45%
Config. 1.1.1 3 3300 2500 80% 20% 500 89.00% 77.89%
Config. 1.1.2 20 3496 2500 80% 20% 500 91.00% 81.93%
Config. 1.1.2 30 1655 2500 80% 20% 500 91.00% 81.93%
Config. 1.1.3 10 2327 2500 80% 20% 500 89.58% 77.95%
Config. 1.1.3 2 48 2500 80% 20% 500 87.78% 74.34%
Config. 1.2.1 10 569 2500 80% 20% 500 86.80% 86.83%
Config. 1.2.1 50 780 2500 80% 20% 500 85.80% 85.89%
Config. 1.2.2 5 1208 2500 80% 20% 500 88.00% 88.08%
Config. 1.2.2 10 1136 2500 80% 20% 500 88.40% 88.42%
Config. 1.2.3 2 5657 2500 80% 20% 500 77.00% 72.81%
Config. 1.2.3 3 3244 2500 80% 20% 500 80.20% 75.31%
Config. 1.2.4 5 1088 2500 80% 20% 500 81.60% 74.19%
Config. 1.2.4 40 651 2500 80% 20% 500 80.20% 74.75%
Configuration 2.1 10 1438 2500 80% 20% 500 91.00% 88.74%
Configuration 2.1 20 1043 2500 80% 20% 500 92.00% 88.61%
Configuration 2.2 10 942 2500 80% 20% 500 91.40% 90.01%
Configuration 2.2 20 746 2500 80% 20% 500 91.80% 89.49%
Configuration 2.3 5 220 2500 80% 20% 500 89.20% 88.33%
Configuration 2.3 20 2057 2500 80% 20% 500 91.80% 89.49%
5. Distributed Optimization Results
As previously said, the main contribution and disruption between EnAPlug and market smart
plugs is the ability to collaborate and share knowledge between them. This case study considers a T0
apartment where six EnAPlugs are deployed, according to Figure 5:
• Refrigerator—with a 91% accuracy ANN (Configuration 1.1.2);
• Desk lamp—with a 92% accuracy ANN (Configuration 2.1);
• Television—with a 90% accuracy ANN;
• Smartphone charger—with an 87% accuracy ANN;
• Ceiling light—with a 92% accuracy ANN;
• Central heater—with distributed optimization.
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However, the ahead control time should be directly related to the starting time of the heater, varying 
according to each heater. 
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Figure 5. Apartment EnAPlugs distribution.
The distributed optimization, provided by EnAPlug, uses the shared knowledge capability to
combine knowledge from different smart plugs in order to optimize the consumption of a resource.
In this case study, is used a central heater. Figure 6 shows the timeline of this optimization process.
The hour that the optimization will run is defined by h, while t defines the hour before h. Thirty minutes
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before, the hour beings, each EnAPlug executes their forecasts. After ten minutes, the central heater’s
EnAPlug uses the shared knowledge capability to request, to each EnAPlug, their knowledge, and five
minutes later, the central heater’s EnAPlug will control its resource–turning it on if there will be users
inside the house or turn it off otherwise. In this case study, the central heater is turned on when
a forecast has an equal or higher probability of 90% for having users. At h:15, the central heater’s
EnAPlug requests the share knowledge once again, but this time, to ask if any EnAPlug was used in
the last fifteen minutes. The new request will detect, and correct false positives or negatives resulted in
the forecast action.
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Figure 6. En Plug’s distributed opti ization ti eline.
The use of forecast to control central heaters could improve users conform by eliminating the
starting time—the time between the heater is turned on and the time that the house starts increasing its
temperature. The heater can, in this way, be turned on ahead in time, leaving the house heated before
the user’s arrival. This case study uses the indicative ahead control time of fifteen minutes. However,
the ahead control time should be directly related to the starting time of the heater, varying according
to each heater.
Half an hour, previously the optimized hour, each EnAPlug uses its forecasts methods to forecast
if the user will use its controllable resource and if the controllable resource will consume energy.
This case study will only use the user usage forecast, unlike the previous case studies where both
forecasts were analyzed in detail. Table 9 shows the forecasts of each EnAPlug in this case study,
and the result of Equation (4), for E1.
Table 9. EnAPlug’s results.
Accuracy Forecast Result E1
Refrigerator 91% There will be a user 91%
Desk lamp 92% There will not be users 8%
Television 90% There will be a user 90%
Smartphone charger 87% There will not be users 13%
Ceiling light 92% There will be a user 92%
When Equations (3) and (4) are applied to the results of Table 9 the central heater’s EnAPlug gets
the following values:
• the probability of not having users in the next hour (Equation (3)): 0.058%
• the probability of having users in the next hour (Equation (4)): 99.938%
With a 99.94% probability of being someone home during the next hour, the central heater’s
EnAPlug turns on the heat of the house before the user’s arrival. This ahead action is also valid
for hours where the user will not be there—meaning, if the user is at home, but the central heater’s
EnAPlug receives the information that the user will not be there during the next hour, the heater will
be turned off before the end of the hour to avoid overheating in the last minutes of the hour.
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The shared knowledge capability allows the combination of multiple knowledge, provided by
different EnAPlugs. This combination improves the overall forecast by minimizing the associated error
in the entire house. As seen, the individual certainty for E1, in each EnAPlug, results in the lowest
values when compared to the house certainty of 99.94%. The ability to share their knowledge improves
the overall agent community knowledge in a local distributed system.
6. Discussion and Conclusions
The integration of smart plugs in energy management systems can serve as enablers for resource
monitoring and control, enabling retrofitting in today’s homes. However, this integration has clear
limitations regarding resource context information.
Contextual data can be read with sensors, and there are several approaches to where the sensors
should be placed and how the information should be collected. One possible approach is to use
market sensors for smart homes, this will enable the understanding of context regarding resources and
houses/buildings—on the basis that they are well placed. However, it will require the integration of all
these sensors and the development of a system that can read the sensors data and act on smart plugs.
Another possible approach is to use room sensors and remove the share knowledge ability. However,
this will not provide individual resource information and will generate only one forecast result.
The use of share knowledge allows the reduction of the forecast error inside a room/house/building.
The approach of EnAPlugs do not demand a cloud system and all the process can be executed within the
plugs, even when a cloud server is used for deep learning training, as seen in this paper, the real-time
data and forecasts, provided by the trained model, will not be sent to the cloud, minimizing the user
data exposure.
This paper proposes an intelligent smart plug with shared knowledge capabilities. The proposed
agent-based smart plug, named EnAPlug, is a context awareness smart plug that can learn some aspects
related to the controllable resource. The real-time context measurements and the learned knowledge
can be shared between other agents in a cooperative and open way, without any restriction—taking
the fact that all agents must belong to the same system.
The presented case study demonstrated the learning ability using as controllable resources:
a refrigerator, and a desk lamp. The learning methodology uses long short-term memory recurrent
neural networks. The case study also demonstrates the benefits of the shared knowledge functionality,
where the knowledge of five EnAPlugs are used to optimize the central heater consumption according
to users’ presence. The results show that the architecture of EnAPlug brings clear advantages for
energy management systems, mainly because of its context awareness capabilities.
Author Contributions: Conceptualization, L.G., F.S. and Z.V.; Methodology, L.G., F.S. and Z.V.; Software,
L.G.; Validation, L.G., F.S. and Z.V.; Formal analysis, L.G., F.S. and Z.V.; Investigation, L.G.; Resources, Z.V.;
Data curation, L.G.; Writing-original draft, L.G.; Writing-review & editing, L.G., F.S. and Z.V.; Visualization, L.G.,
F.S. and Z.V.; Supervision, Z.V.; Project administration, L.G. and Z.V.; Funding acquisition, Z.V.
Funding: This work has received funding from the European Union’s Horizon 2020 research and innovation
programme under the Marie Sklodowska-Curie grant agreement No. 641794 (project DREAM-GO) and
from FEDER Funds through COMPETE program and from National Funds through FCT under the project
UID/EEA/00760/2013 and SFRH/BD/109248/2015.
Conflicts of Interest: The authors declare no conflict of interest.
References
1. Statista. Smart Home Report 2018—Control and Connectivity; Statista: Hamburg, Germany, 2018.
2. Daily, M. The New Smart Plug That Will Switch Off the TV If You Forget. 2 January 2008. Available
online: https://www.dailymail.co.uk/sciencetech/article-505613/The-new-smart-plug-switch-TV-forget.
html (accessed on 25 September 2018).
Sensors 2018, 18, 3961 16 of 17
3. Musleh, A.S.; Debouza, M.; Farook, M. Design and implementation of smart plug: An Internet of Things (IoT)
approach. In Proceedings of the 2017 International Conference on Electrical and Computing Technologies
and Applications (ICEC-TA), Ras Al Khaimah, UAE, 21–23 November 2017; pp. 1–4.
4. Ahmed, M.; Mohamed, A.; Homod, R.Z.; Shareef, H.; Sabry, A.H.; Bin Khalid, K. Smart plug prototype for
monitoring electrical appliances in Home Energy Management System. In Proceedings of the 2015 IEEE
Student Conference on Research and Development (SCOReD), Kuala Lumpur, Malaysia, 13–14 December
2015; pp. 32–36.
5. Lukac, N.; Pavlovic, R.; Vukobrat, V.; Teslic, N. Bluetooth Smart Plug. In Proceedings of the 2015 IEEE 1st
International Workshop on Consumer Electronics (CE WS), Novi Sad, Serbia, 11 March 2015; pp. 16–18.
6. Thongkhao, Y.; Pora, W. A low-cost Wi-Fi smart plug with on-off and Energy Metering functions.
In Proceedings of the 2016 13th International Conference on Electrical Engineering/Electronics, Computer,
Telecommunications and Information Technology (ECTI-CON), Chiang Mai, Thailand, 28 June–1 July 2016;
pp. 1–5.
7. Ganu, T.; Hazra, J.; Seetharam, D.P.; Husain, S.A.; Arya, V.; Chandratilake De Silva, L.; Kunnath, R.;
Kalyanaraman, S. nPlug: A smart plug for alleviating peak loads. In Proceedings of the 2012 Third
International Conference on Future Systems: Where Energy, Computing and Communication Meet
(e-Energy), Madrid, Spain, 9–11 May 2012; pp. 1–10.
8. Alquthami, T.; Meliopoulos, A.P.S. Smart House Management and Control Without Customer Inconvenience.
IEEE Trans. Smart Grid 2018, 9, 2553–2562. [CrossRef]
9. Lee, H.; Park, W.; Lee, I. A Home Energy Management System for Energy-Efficient Smart Homes.
In Proceedings of the 2014 International Conference on Computational Science and Computational
Intelligence, Las Vegas, NV, USA, 10–13 March 2014; pp. 142–145.
10. Liu, Y.; Yuen, C.; Yu, R.; Zhang, Y.; Xie, S. Queuing-Based Energy Consumption Management for
Heterogeneous Residential Demands in Smart Grid. IEEE Trans. Smart Grid 2015, 7, 1650–1659. [CrossRef]
11. Galioto, G.; Galioto, N.; Giaconia, C.; Giarré, L.; Neglia, G.; Tinnirello, I. Smart plugs: A low cost solution
for programmable control of domestic loads. In Proceedings of the 2014 AEIT Annual Conference—From
Research to Industry: The Need for a More Effective Technology Transfer (AEIT), Trieste, Italy, 18–19
September 2014; pp. 1–6.
12. Morsali, H.; Shekarabi, S.M.; Ardekani, K.; Khayamim, H.; Fereidunian, A.; Ghassemian, M.; Lesani, H.
Smart plugs for building energy management systems. In Proceedings of the Iranian Conference on Smart
Grids, Tehran, Iran, 24–25 May 2012; pp. 1–5.
13. Heo, S.; Park, W.; Lee, I. Energy management based on communication of smart plugs and inverter for smart
home systems. In Proceedings of the 2017 International Conference on Information and Communication
Technology Convergence (ICTC), Jeju, Korea, 18–20 October 2017; pp. 810–812.
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